BOSCH FUEL INJECTION— AN OVERVIEW 3

1. INTRODUCTION

Here's my plan for you to get the most out of this book: This
chapter introduces the idea of fuel injection, and tells you why
virtually all cars being built today use fuel injection. I'll give you
the broad picture of Bosch fuel-injection systemns, and show
how the different systems are separated into two basic types:
puised and continuous injection. You'll see that what began as
control of the air-fuel ratio has expanded to include the precise
conirehof ignition timing and, often, idle rpm, leading to a new
term, enging management.

in chapter 2, to help you understand the principles behind
fuel injection, I'l look at the engine needs for each driving
condition and also discuss the importance of fuel injection to
= sgting. government standards for emission control and fuel
: nomy. Yout'll see how the precise control of fuel metering,
sometimes at a delivery rate of one drop of fuel in a few
milliseconds of time, meets those needs while still providing
good power.

in chapter 3, I'll describe how each different Bosch pulsed
fuel injection system works, including D-Jetronic, L-Jetronic,
L.H-Jetronic, and Motronic. In chapter §, 'l describe how each
Bosch continuous fuel injection system works, including K-
Jetronic, Klambda, KE-Jetronic, and KE-Matronic. In chapter 4,
I'll show you how to service pulsed systerns, and in chapter 8,
'l show you how to service continuous systems. In many
cases ybu can do this using cnly simple tools, a volt/ohmmeter
(VOM) and a fuel-pressure gauge. Even if you don't want to do
much of the work yourseff, you'll stil know enough about
troublesheoting and repairs to deat with the technician who
may use special tools to service your car.

Most of these fuel injection systems as installed by the
manufacturer are capable of delivering extra fuel for engine
modifications that increase performance. In chapter 7, for those

want more power from their fuel-injection system, I'll show
you the different modifications for street-legal or off-road use,
and discuss which ones work —and which ones don't. For you
owners Who can tweak a carburetor by ear with a screwdriver
on Saturday afternoon, this book will help you accept the
performance of fuet injection as it takes away your need for
carburetor skills, Even so, you can do a lot more to your
fuel-injected car than most people realize.

2. FUEL INJECTION Is HERE

vaczzdniyr;s cars are changing under the hood. The tangles of

g 1o Iacg;es —as well as.emlssan-contro! miseries —are be-

B er:for by the orderly mg;llaﬂon of fuel-injection systems.

o e we talk aont specific Bosch systerns, you'll need to
erstand some basics about fuel injection.

Fig. 2-1. Electronic control of fuel injection and ignition {top}
for engine management helps clean up the tangle
of underhood hoses (boltorm) which are necessary
when vacuum circuils are used.

2.1 Air-Fuel Mixtures

Internal-combustion engines create power by burning fuel
mixed with air. In gasoline-fueled engines, the proportions of air
and fuel —the air-fuel ratics or “mixtures” — are of critical impor-
tance to the quality of combustion and, therefore, to engine
power output and running characteristics. Since the amount of
air reguired by the engine varies with rpm and load, the re-
quired amount of fuel varies too.

The overall purpose of the systems covered by this manual
is to provide the engine with the best possible mixture —the
optimum air-fuel ratio-for the constantly changing engine op-
erating conditions.

Fuel injection Is Here
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2.2 What is Fuel Injection?

The throttle of a gasoline engine regulates only air flow into
the engine. Since the proportions of air and fuel are critical, it is
up to some other mechanism to meter the correct amount of
fuel into the moving air. I'll call this other mechanism the fuel
delivery system. The fuel delivery system—whatever type it
may be—responds to throttle changes and adjusts to contin-
uously supply the engine with a combustible mixture of air and
fuel. Fuel injection is an accurate and sophisticated type of fuel
detivery system.

2.3 Fuel Delivery

For modern gasoline automobiles, there are two basic types
of fuel delivery systems in use today, carburetors and fuel
injection. While these systems mix fuet and air, they achieve it
in very different ways.

Carburetors

Carburetors take advantage of the venturi principle. Briefly,
this principle says that as air flow increases, pressure de-
creases. Air flow through the carburetor throat, as determined
by the throttle opening, creates a low pressure condition. This
reduced pressure puils fuel into the intake air stream where it
is vaporized to form a combustible air-fuel mixture. A wider
throttle opening causes more air flow which results in more fuel
flow. A smalier throttle opening likewise reduces fuel flow. By
this cause-and-effect relationship, fuel is “metered” in propor-
tion to air flow.

Fig. 2.2. Modern Complex feedback carburetors can be
more expensive than fuel injection systems 1o install
and senvice. Driveability cannot match most fuel-
injected cars, and emission control is more difficult.

Fuel Injection Is Here

This refatively simple and crude fuel delivery technology has
powered gasoline engines to acceptable levels of efficiency for
many decades. In recent times, however, closer scrutiny of
performance, fuel economy, and exhaust emissions has de-
manded even greater engine efficiency. This greater efficiency
requires more precise control of fuel metering. Carburetors,
although well developed after decades of use, are limited in
their ability for precise fuel metering, especially under extreme
operating conditions, even with their complex set of fuet cir-
cuits, jets, air bleeds, chokes and valves.

Fuel Injection

Fuel injection systems deliver fuel by forcing it into the
incoming airstream. Fuel-injection systems actually measure
the incoming air and pressurize the fuel fo deliver it in precise
arnounts based directly on that measurement, Because fuel is
delivered to the manifold under pressure, the quantity of fusi
delivered can be more pasitively controiled. With this more
positive control, fuel delivery can be more easily manipulated to
meet the unigue demands of extreme operating conditions. This
results in greater efficiency over a wider range of operation.

3. FUuEeL INJECTION TYPES

Bosch passenger-car fuel injection first appeared in 1927 as
a diesel design using engine-driven pumps developing high
pressure to deliver diesel fuel into the cylinders —direct injec-
tion. In 1937, these pumps were adapted to aircraft engines,
with both diesel and gasoline fuel applications. In 1955, sirnilar
engine-driven gasoline injection pumps were developed for the
Mercedes-Benz race cars and the 300SL production car, again
injecting fuel at high pressure directly into the cylinders,

These mechanical systems used a precisely-timed, engine-
driven pump to deliver measured guantities of fuel to each
cylinder in time with the crankshaft and in proportion to throttle
opening. The complex and expensive systems were an ad-
vance over the carburetors of their time, mainly in terms of
performance, but production car applications were limited to
exotic makes and special models, They were very difficult to
properly set up, and proper maintenance was an expensive
proposition.

The fuel-injection systems described in this book first ap-
peared about 1967. They are completely different from engine-
driven systerns, delivering fuel at much lower pressures at the
intake ports, and are generally electronically controfled. The
early Bosch [iterature describes these systems as “non-
driven”. Bosch coined the term "Jetronic™ to establish a com-
mon identity for their new designs in most of the 135 countries
in which they operate.
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Fig. 3-1. Mercedes-Benz 300 SL cars use direct fuel injec-
tion. High-pressure engine-driven pump, hanging
low under tilted block, injected gasoline directly into
cylinder. Adapted from Bosch diesel injection sys-
termns.

Owners of fuel-injected cars experience better starting and
driveability, especially when the engine is cold. Owners of the
first fuel-injected BMWSs proudly showed off their cars: even on
a cold day, they would open the driver's window and, standing
outside, reach in to turn the key, then boast about the smaoth-
running enging at cold idle.

For the manufacturer, fuel injection means better emission
controf and better fuel economy, both important in meeting
increasingly stringent government regulations. Fuel injecticon
offers the following advantages:

*® reduces air-fuel ratio variabitity
¢ matches fuel delivery to specific operating reguirements

* prevents stalling caused by fuel-bowl wash during corner-
ing

¢ eliminates engine run-on (dieseling) when the key is
turned off

Qntii a few years ago, because of looser emission
limits in Europe, many European cars were built with
fuei injection for delivery in the U.S., but had carbu-
ret_ors for delivery in Europe. When | spoke with a
chief engineer of one of the targest European manu-
fa_cturers, he expressed reluctance to change his en-
thes from carburetors to the more expensive fuel
injection, and suggested that we in the U.S. were a
|rﬂle. Paranoid about clean air. Now, Europeans rec-
Ognize the importance of clean air, and fuel injection
Systems are spreading to more cars sold in Europe.
In fact, many late-model German cars are sold in both
the US. and Germany with the same fuel-injected

eflgines using the same lead-free-fuel catalyst emis-
Slon controls

——
e

Multi-Point (or Port Injection)

All of the Bosch systems covered in this book are multi-point
systems. They deliver fuel at the engine intake ports near the
intake valves. This means that the intake manifold delivers only
air, in contrast to carburetors or singie-point fuel infection 5ys-
tems in which the intake manifold carries the air-fuel mixture. As
a result, these systems offer the following advantages:;

® greater power by avoiding venturi losses as in a carbure-
tor, and by allowing the use of tuned intake runners for
better torque characteristics

& improved driveability by reducing the throttle-change tag
which occurs while the fuel travels from the throttle body
to the intake ports

¢ increased fuel economy by avoiding condensation of fuel
on interior walls of the intake manifoid {manifold wetting)

e simplified turbocharger applications; the turbocharger
compressor need only handle air

Fuel injector

intake valve

/

Intake manifold

Cylinder head

Fig. 3-2, Port injection defivers fuel to the manifold at the
intake valve.

-~ e

Fig. 3-3. On fuelinjected cars, tuned intake runners improve
performance by reintorcing ram effect to pack in
more air and increase torque.

f’

ol Infinetinmn Tuynoo
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The simplicity of a turbocharged Bosch system is evident in
the Skip Barber Saab racing series cars which are powered by
nearly stock production Saab Turbo engines equipped with
Bosch LH-Jetronic fuel injection, as shown in Fig. 3-4.

Fig. 3-4. Turbochargers and fuel injection go well tegather, in
both road cars and race cars.

3.1 Pulsed (Electronic) Systems

The pulsed systems are sometimes referred to as '‘Elec-
tronic Fuel Injection” (EFI), and these are the systems that most
people think of when you say “fuel injection.” There are several
Bosch variations of pulsed systems, but their basic functions
are the same.

In all of the pulsed systemns, incoming air is measured by a
sensor which puts out an electronic signal proportional to air
flow. An electronic control unit (ECU), responding to the signals
from the air-flow senser and other sensors, meters fuet to the
engine by way of electrically-operated solenoid valve injectors.

Fuel is injected in a series of short pulses, always under
electronic control. in Bosch systems, the rnumber of puises is
proportional to engine rom. The length of time of each pulseis
controlled electronically, so the injectors deliver more or less
fuel per pulse depending on mixture requirements.

Since nearly all present day Bosch fusi injection systerns
feature some kind of electronic control, these systems can no
lenger be accurately identified by the EF| label. In this book, I'l
use the term "“pulsed” to refer to all systems with solenoid-vaive
injectors, opened in a series of pulses to meter the fuel, En-
gines equipped with pulsed systems can be quickly identified
by the electric injectors connected to a comraon fuel supply
rail, as shown in Fig. 3-5.

Fuel Injection Types

Fig. 3-5. For pulsed imjection (EFN fook for clecincaliy-
operated injectors (1) connected o the fuel rail (2),
as in this Porsche 944 Motromic

3.2 Continuous Injection Systems

The continuous systems are sometimes referred to as me-
chanical or hydro-mechanical, because fuel metering is deter-
mined by the mechanical relationship between an air-flow
sensor and a fuel distributor.

The first continuous systems were distinctly different from
EFl systems, since there was no efectronic conirol of basic fuel
delivery. The continuous injection family has now grown and
spawned more highly developed versions, and electronic con-
trol has been a part of almost alt CIS fuel injection since 1980.

Fig. 3-6. For continuous injection {CIS), iook for the bundie of
fuel ines, usually braided like this, leading to simpie
injectors without electnical connectors, as in this
Audi 5000 lurbo,
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In continuous systemns, incoming air is measured by an
airflow sensor plate which is mechanically linked to the fuel
distritrutor. Fuel is metered by this mechanicai link in proportion
to the incoming air flow, and delivered to the engine through
pressure-actuated injectors.

Fuelis injected in continucus streams, alf the time as long as
the engine is running. This continuous fuel delivery gives the
system its name, Continucus Injection System (CIS). The fuel
distributor manipulates fuel pressure to control the volume of
fuel delivered under varicus operating conditions.

4. ENGINE MANAGEMENT

Engine management is a term applied to systems that
control more than fuet injection; in particular, they control igni-
fon timing. Ignition timing has always been important to power
and economy, even when Henry Ford's Model A provided the
driver with controls for timing and fuel. Later, a form of auto-
matic contro! was provided by flyweights in the distributor that
advanced timing for increasing rpm, and by vacuum dia-
phragms that retarded timing for increasing engine ioad.

Fig. 4-1. In Ford Model A, driver controlled tirming and fuel
manually, by steering-coiumn levers. Modern elec-
tronic engine-management systems avlomatically
control lugl injection and igniticn timing many times
each second.

Beginning about 1982, “fuel injection” began to mean more
than the control of fuel delivery. Ignition tirming and fuel delivery
tElfe closelx__/ related. For exarnple, careful adjustment of ignition
MINg at idle can increase fuel economy and reduce emis-
Zsolns. I Bosch “Motronic” engine-management systerns, fuel

Slivery control and ignition timing control are combined in one
Cmoar:'t;f: iéﬂ!t that processes all of the necessary engine infor-
' - BEgInning in j984, Matronic engine-management sys-
BMs also controlled idle rpiT,

4.1 Control of Ignition Timing

The carrecttiming of the spark-plug firing depends on many
of the same variables that determine fuel metering, including
engine speed, engine temperature, altitude and, in some
cases, whether the engine is knocking. In engine-management
systems, the ignition control uses these variables to compute
the ignition timing point. In most cases, as in Motronic systems,
the control unit refers to a timing map, a set of data points in the
ECU mermory that give the best timing point for alt conditions.

Ignition advance

Fig. 4-2. Motronic ignition fiming depends on ignition read-
only memory (ROM) stored in the electronic control
unit. Ignition timing can be set for besl performance
for any combination of load and rpm, based on
extensive testing.

4.2 Control of Idle Speed

Control of idle speed contributes to fuel economy and
reduced emissions. Using many of the same variables already
inputto the ECL), the control unit adjusts idle rpm by varying the
amount of air bypassing the throttie valve, as well as varying the
ignition timing.

4.3 Other Electronic Controls

Other engine-management functions may be included in
the control unit functions. For example, some Motronic systems
control the opening and closing of the fuel-vapor charcoal
canister purge valve.

Engine Management
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5. THE BoscH JETRONIC FAMILY TREE

Bosch builds two basic types of fuel injection — pulsed and
continuous —with several varations and improvements over
the years. You'll want to know these differences in operation to
understand the function of each distinct system, and to service
each system. Fig. 5-1, a “family tree” diagram of ali of the
Bosch systems covered by this book, shows the progression of
the two “branches.”

Continued
research &
development
1987 LH-Motronic KE-Motronic
1984 LH-Jetronic KE-Jetronic
1981 Matronic
K-Jetronic
with Lambda
1978 L-Jetronic I
with Lambda K-Jetronic
1974 L-Jelronic
1967 D-Jetronic
|
Pulsed Injection Continuous
(EFD) I Bosch injection
{CiS)

B2240VA.BCH

Fig. 5-1. The Bosch Jetronic family tree branches can be
divided intc the pulsed systems, often called EF,
and the continuous systems, often called CIS or
meachanical. Some of the earfier definitions of these
systerns are less useful these days because alt of
the systems, including the “mechanical” ones, use
elactronics.

The Bosch Jetronic Family Tree

5.1 Pulsed Fuel Injection Systems

D-Jetronic. The first Bosch Jetronic system. The D is short
for Bruck, the German word for pressure. Manifold pressure is
measured to indicate engine load {how much air the engine is
using). This pressure is an input signal to the control unit (ECU)
for calculation of the correct amount of fuel defivery.

L-Jetronic. The L is short for Luft, the German word for air.
Air flow into the engine is measured by an air-flow sensor with
& movable vane to indicate engine load. Later systems have
Lambda controt {sometimes represented by the Greek letter A)
for more precise mixture control, For more on Lambda, see
chapter 2. L-Jetronic was often called Air-Flow Controlied
(AFC) injection, to further separate it from the pressure-
controlled D-Jetronic.

LH-Jetronic. LH-Jetroric measures air mass (weight of air)
with a hot-wire senscr instead of measuring air flow with an air
vane (volume of air) as in L-Jetronic. Otherwise, L and LH
systemns are very similar. The H is short for Heiss, the German
word for hot.

Motronic: 5% .
KE-detronic; 12%

LH-Jetronic: 9%

K-Lambda:
31%

t.-Jetronic with
Lambda: 1%

L-Jetronic: 9% \

D-Jetronic: 7%

K-Basic: 15%

B82140VA BCH

Fig. 5-2. Estimated Bosch-built fueb-injection systems in the
US., through 1987. Out of aboul 6,000,000 cars,
about 60% are continuous systems, and 40% are
pulsed systerns. About 7 out of 10 systems have
lambda control,
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5.2 Continuous Injection Systems

K-Jetronic. The first continuous system. Bosch called it K,
for Kontinuertich, the German word for continuous. Air flow is
measured by a circular plate in the air-flow sensor. Until 1980,
fuel delivery is strictly under mechanical contral in direct rela-
tion to air flow; there are no electronics. | call this K-basic
Volkswagen, Audi, and Mercedes call it CIS.

K-Jetronic with Lambda Control. This is an adaptation of
K-basic mechanical control, The mixture is modulated with a
fimited efectronic control in a feedback system to maintain a
precise air-fuef ratio. As you'll see in chapter 2, Lambda (A)
refers to a certain air-fuel ratio. | call this version K-lambda,

KE-Jetronic. This combines K-Jetronic mechanical control
with totai efectronic modulation of the mixture. It uses many of
tha same sensors used in L-Jetronic systems, Because it is

sed on KJetronic, it is still capable of fail-safe mechanical
operation if the electronics fail. I call it KE; Volkswagen, Audi,
and Mercedes call it CIS-E.

5.3 Engine-Management Systems

Bosch engine-management systems are often grouped un-
der the single term “Motronic.” This can be confusing, because
while the original Bosch engine-management system was
called Motronic to differentiate it from the Jetronic systems,
there are now many different Motronic-type  engine-
management systems. So when you see a system cailed
“Motronic”, make sure you know which type it is,

Motronic. The first “'engine-management” system. It com-
bines L-Jetronic pulsed fuel injection with electronic ignition
timing control in one contro! unit, In most engines, it also has
electronic idle stabifization for a complete engine-management
system. For clarity, | may sometimes refer to this system as
L-Motronic. Beginning in about 1986, Motronic may also have
* litionat functions:

® Knack regulation by ignition timing of individual cylinders.

. _Adaptive circuitry —it adapts fuel delivery and ignition tim-
Ing to actual conditions. It does this so well that, beginning
In 1888, idle rpm and mixture are no longer adjustable.

. Diagnostic‘circunrywthe control unit recognizes system
faults and stores fault information in its memory.

LH-Motronic. This is the same as Motronic, except that it
Uses a hot-wire air-mass sensor, hence the LH. All LH-Motronic
Systems have electronic idle stabilization,

KE-Motronic. fgnition-timing control added to KE-Jetronic

fued injection. It hag the same additional functions as Motronic
Systems.

th’ Monotronic, | mention it here, though it is not covered by
18 book, This is a single-point, throttle-body Motronic, lower-

?OS" and simpler than Motronic, not used in cars currently
Mported to the U.S,

5.4 Bosch-Licensed Systems

Worldwide, almost all current fuel-injection systems are
based on Bosch technology to a greater or lesser degree. Most
Japanese fuel-injection systems are built under Bosch license,
and many U.S. cars use Bosch components, buitt with Bosch
principles under ficensed production. The following systemns
are Bosch European-licensed systems installed in European-
made cars sold in this country.

Volkswagen Digifant. This puised system was partly de-
signed by Volkswagen, but operates pretty much as Bosch
Motronic does. Its timing control mag is less compilicated than
the Bosch Matronic map. It does not have a knock sensor.

Volkswagen Digifant I1. A refined version of Digitant. Along
with control improvements, it uses a knock sensor for more
precise timing control,

Lucas. This system, used in Jaguar and Triumph cars, is a
Bosch L-Jetronic system licensed for production by Lucas.

6. CARS WITH BoscH FUEL INJECTION AND
ENGINE-MANAGEMENT SYSTEMS

Bosch Jetronic fuel injection arrived in America in 1967 in
the German-made Volkswagens. Emission-control tegistation
forced their adoption on the VW air-cooted engines, because
their uneven cooling raises emissions. For more than ten years
since then, fuel injection has been virtually standard in Euro- -
pean cars delivered in the U.S. The Japanese are catching up;
by 1989, over half their cars delivered in the U.S. are fuel-
injected. The changeover to fuel injection is accelerating. Car-
buretors on new cars in the U.S. will soon be as rare as drum
brakes on front wheels.

All cars delivered in the U.S,

100%
Throttle body injection Legend
{mostly American cars) )
80% Pulsed injection (mostly Pt
S | Bosch or Bosch-licensed) AHH
Continuous injection
60% - {all Bosch) g
40%] £ —
A o
Pd ,
20%7 4
P
0%

75 76 77 78 79 80 81 82 83 84 85 86 87 88

Mode! year 82130VR.BCH

Fig. 6-1. Total car sales in the U.S. shows the replacement of
carburetors by fuelinjection systems. The brief
popularity of diesel fuel injection in 1979-1981
caused a "diesel dip” in gasoling injection produc-
tion.

Cars with Bosch Fuel Injection
and Engine-Management Systems
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How can you tell if your car has a Bosch fuel-injection
system? None of the European cars sold in the US. wear
Jetronic or Motronic badges, but most have fuel njection clues
on the car badge. Lately, though, these clues are disappearing,
Apparently, considering that almost all of these European cars
sold in the U.S. have fuel injection, who nesds to indicate that
by badge? No longer does any car indicate disc brakes by
spelling it out on the brake pedal, as was once the vogue.

Volkswagen, Audi. Early fuekinjected cars were sold at the
same lime as carbureted cars —fook for the words “Euel Injec-
tion™ on the rear deck, whether the VW is assembled in the U.S.
or is imported. Since 1977, ali VWs have been fuel injected,
with fuel injection badges. In GTt models, the | stands for
injaction. Audi, in the same family, also badged fuel injection;
sometimes you'll see turbo instead, but the car is stilt fuel
injected.

W/
Fig. 6-2. VW was the first user of Bosch Jodromie Ermission
cankrot legislation forced adoption first in ar-coolad
engnes. Because thoy cool unevenly. ther emis-
005 are hard to control.

Fig. 6-3. VW s the biggest user of Jetronic systems. both in
cars smpocted lrom Germany and buitt in US Most
hewscl-cooled VWs are fusl inocted

Cars with Bosch Fuel Injection
and Engine-Management Systemns

Fig. 6-4. Sometimes badges boast about number of valves
Scicoceo, as most 4-valve per cvlinder engines
operates with fuel injection.

Fig. 6-5, Most Audis spelf it out. Audi was cne of the firs!
users of K-Jetronic, in 1975,

Porsche, Saab, Volvo. These three began identifying fuel
injection by adding E for Einspritz, the German word for injec-
tion, The E-for-injection might be lost ifthe badge included T for
turbo, or SC for super coupe. By 1976, fuel injection had
become normal, so we do not see Porsche 911E, S24E, or
328k even though ali of these cars are fuel injected. Around
1980, the & on Volvo badges no longer indicates fuel injection,
but indicates a level of luxury equipment.
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Fig. 6-6. Saatr 15 an early user. beginning in 1870 Early
lucl-inected cars ware badged E, for Einspritz. 99
Turbo was first o drop B

Fig. 6-7. Porsche has dronped the £, Porsche began using
fuel injection with the 1970 9146

VOLVO 1B4F |

Fig. 6-8. Volvo 164 hit the marke! win D-detronic in 1972,
First use was on 1800F in 1970

Fig. 6-9. Volvos and Saabs have been fuelinected for so
long that an indication of fuel injection on the badge
has been replaced with a designation of the level of
equipment.

Mercedes-Benz. They also began adding an £ to identify
the fuel-injected cars from those with carburetors. Most gaso-
line Mercedes show E. An exception is the two-seater SL,
which is fuel-injected but omils the E to distinguish itself from
the coupes, SEC, and from the long sedans, SEL. All Mercedes
are fuel injected, the diesels are identified with D.

Fig. 6-10. Mercedes use KE-Jelronic, Switch from D-
Jetronic to K-Jatronic was in 1976. D badges are
diesels.

Cars with Bosch fuel Injection
and Engine-Management Systems
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Fig. 6-11. Omilling the E here helps differentiale this two-
seater SL—Super Leicht (the German word for
fight) —fror the SEC coupes.

Flg. 6-12. E for Einsprilz is mixed with S for Super and {. for
Lang (the German word for fong) on this Mer-
cedes Sedan.

BMW. BMW usually adds i for injection, beginning with the
6-cylinder 530i. BMW 2002t (a carbureted car), stands for
“touring international”; BMW 2002tii stands for “touring inter-
national, injection”. Since 1979, BMW has used E for eta, the
Greek letter for efficiency to indicate engines tuned for better
torque and economy at low and mid-rpms; all BMWs are fuel
injected but, in this case, E does not stand for Einspritz. What's
es in 528es? “Eta, Sport”.

Cars with Bosch Fusl Injection
anc ERetirno-AAorsmm e m g O o s

Fig. 6-13. BMW i means fuei injection. BMW began using
L-Jetronic in 6-cylinder engines in 1975, K-
Jelronic in 4-cylinder engines in 1977.

SRy
) AN G
L3 e e

Fig. 6-14. On badge on fuel-injected BMW 325¢, e slancis
for Eta, the Greek ietler for efficiency.
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Table a will enable you fo identify what type of Bosch fuel
injection system is in your specific make and model. it does not
include U.5. hybrid systems that mix Bosch components with
others, such as 1985+ Corveltes that use Bosch LH-Jetronic
air-mass sensors and injectors. This list concentrates on Euro-

pean cars, inciuding VWs made in the U.S.
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Table a. Bosch Fuel Injection Systems Sold in the

United States

Table a. Bosch Fuel Injection Systems Sold in the
United States (cont’d)

Manufacturer/ Injection system Number
Model instatled
{in round
thousands)
BERTONE
X1/9 L-Jetronic with Lambda 1,060
BMW
3.08i L-Jetronic 19,000
318i LU-Jetronic 62,000
320i (1977-1979) K-Jetronic 46,000
320i {1980-1983) K-Jetronic with Lambda 109,000
325/325E Motronic 167,000 +
528E {1979-1981) L-Jetronic with Lambda 17,000
528E (1982 on) Motronic 51,000+
530i L-Jetronic 4,000
535i/535i5 Maotranic 20,000+
830C85i L-Jetronic 1,000
633CSi {1978-1979) | L-Jetronic 2,000
633C5i (1980-1981) | L-Jetronic with Lambda 2,000
833CSi (1982 on) Motronic 10,000
635CSi Motronic 3,000+
7331 (1978-1979) L-Jetronic 2,000
733i (1980-1981) E~Jetronic with Lambda 3,000
733i (1982 on) Motronic 17,000
7351 Mcatronic 20,000+
750G LH-Motronic *
M3, M5, M6 Motronic 2,000+
DelOREAN
Delorean K-Jetronic with Lambda 2,000
EAGLE
Medallion t.U-Jetronic *
FERRAR!
308 GTB Si K-Jetronic with Lambda 3,000
328GTB K-Jetronic with Lambda 2,000+
Mondial/S Mondial K-Jetronic with Lambda 2,000 +
Testarossa KE-Jetronic 1,000 +
FIAT
Brava L-Jetronic with Lambda 16,000
Spider L-Jetronic with Lambda 43,000
Strada L-Jetronic with Lambda 21,000
X1/9 L~Jetronic with Lambda 15,000
JAGUAR
XIBIXISIXISV12 L-Jetronic with Lambda 95,000
(1980-1986)
XIBIXISKISVI2 L-Jetronic with Lambda 23,000 +
(1987-1989} (Lucas)
LANCIA
Beta L-Jetronic with Lambda 2,000
LOTUS
Esprit Turbo K-Jetronic with Lambda 2,000+
MASERATI
Maserati Motronic 1,000+

Manufacturer/ Injection system Number
Modei instalied
(in round
thousands)
ALFA
& L-~Jetronic with Lambda 1,000
Graduate L-Jetronic with Lambda 1,000
Graduate (1986 on) Metronic *
GIV 6 L-Jetronic with Lambda 13,000
Mitano (1986) Motronic *
Milano (1987-1989) LU-Jetronic *
Spider (1981-1985) L-Jetranic with Lambda 9,000
Spider {1985-1989) Maotronic *
AMC
Alliance (California) E-Jetronic with Lambda | 30,000
Alliance/Encore LU-Jetronic 15,000 -
{California)
AUDI
100LS K-Jdetronic 27,000
Fox K-Jetronic 88,000
4000 (1980) K~Jetronic 10,000
400G (1981 on) K-Jetronic with Lambda 43,000
angd +5
4000 Quattro KE-Jetranic 13,000+
4000 5 (1984-1987) | KE-Jetronic 44,000+
5000 (1978-1979) K-Jetronic 38,000
£000 (1980-1983) K-Jetronic with Lambda | 72,000
g8 (1984-1985) K-Jetronic with Lambda 82,000
5000 S (1986) KE-Jetronic 3,000
5000 S (19871 988) KE3-Jetronic 19,000+
5000 Turbo K-Jetronic with Lambda | 40,000
(1980-1983, 1985)
5000 Turbo {1984) KE-Jetronic 6,000
5000 CS Turho K-Jetronic with Lambda 8,000+
5000 CS Turbo KE3-Jetronic *
{1988)
5?80b(0)8 Quattro K-Jetronic with Lambda 3,000+
£ .
3000 CS Quattro KE3-Jetronic *
Turbe (1988)
B0/90 wWiAT KE-Motronic *
80/90 WiMT, KE3-Jetronic *
Eggf/’51980{)(51&1ttrc>
uattrg KE3-Jetronic *
200/200 Guattro KE-Jetronic *
Cotes faap 9 | oniwin s | 1100
chuux GT(1988) | KE-Jetronic 3,000
(1987.1 96g) KE3-Jetronic 2,000 +
Quattrg K-Jetronic with Lambda | 2,000
."*Ofmation
N availabie

continued on next page
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Table a. Bosch Fuel injection Systems Sold in the Table a. Bosch Fuel Injection Systems Sold in the
- = f
United States (cont’d) United States (cont'd)
Manufacturer/ Injection system Number Manufacturer/ Injection system Number
Modeti installed Model instalied
(in round {in round
thousands) thousands)
MERCEDES-BENZ RENAULT
190E (1984-1987) KE-Jetronic 79,000 Fuego/Fuego Turbo | L-Jetronic with Lambda 25,000
19GE (1988 on) KE3-Jetronic * (1982-1984)
260E KE-Jetronic 6,000+ Fuego {1985) LU-Jetronic 5,000
280E (1971-1972) B-Jetronic 20,000 Medailion LU-Jetronic 14,000+
2BOE (1977-1979) K-Jetronic 10,000 R17/R17 Gordini L-Jetronic 6,000
280E (1980-1981) K-Jetronic with Larnbda 3,000 R18i {1980-1984) L-Jetronic with Lambda 30,000
ol 306 {1972) D-Jetronic 5,000 R18i (1985) LU-Jetronic 2,000
u ) (
1 300E {1988, KE3-Jetronic 28,000+ Sportwagon LU-Jetronic 4,000
1988 on)
300E, SEL (1987) KE-Jatronic 24,000 ROLLS-ROYCE o
380E K-Jetronic with Lambda | 49000+ Rolls-Roycee {all) K-Jetronic with Lambda 7,000 +
: 420k (1985) K-Jetronic with Lambda * SAAB
1ooe ey KES-Jetronic 16,000+ 99 EMS D-Jetronic 60,000
. 1970-1974}
420 SEL (1987) KE-Jetronic 15,000 ( :
450/450E D-Jetronic 20,000 99 EMS -Jetronic 42,000
(1872-1975) (1975-1980) o
450E (1976-1979) K-Jetronic 33.000 99 Turbo K—Jetron_lc with Lambda 4,000
450E (1980) K-Jetronic with Lambda. | 10,000 500,0008 0| Kot i L | 1h290
500€ (1983) K-Jetronic with Lambda | 7.000 9?1°é;°°n) ~elronic with Lambda '
o el
prafiriadiesl o oworic with Lambda | 10,000+ 900 Turbo K-Jetroniic with Lambda | 50,000
. 1979-1984)
560 (1986, 1988 on) | KE3-Jefronic 15,000 + { .
. : 900 Turbo LH2-Jetronic 33,600+
560 {1987) KE-Jetronic 20,000 (1985 on)
MERKUR 9000, S, Turbo LH2-Jetronic 22,000+
gll:;?g Scorpio, D-Jstronic (Ford) 37,000+ STERLING
825, 8255 Motronic (Lucas) 14,600 +
OPEL
. TRIUMPH
Manta, 19008 L-Jetronic 40,000 TA? L-Jetronic with Lambda | 25,000
PEUGEOT TR8 L-Jetronic with Lambda | *
505/505t K-Jetronic with Lambda |} 60,000 VOLVO
505 Turbo, GL, STX | Motronic 9,000+ 1800E D-Jetronic 25,000
140E (1871-1973) D-Jetronic 65,000
PORSCHE .
911 Carrera Motronic 23,000+ 1408 (1974) K—Jetrom_c 35,000
Coupe Ca:briolet ! 164E D-Jetron_lc 65,000
911§ (1!’974_1 977) K-Jetronic 15.000 240E {1975-1979) K—Jetronic. 120,000
911SC (1978-1979) K-Jetronic 4:000 240 (18886 an) LH-Jetro_mc 103,000 +
911SC (1980-1983) | K-Jetronic with Lambda | 16,000 260 (1976-1978) | K-Jetronic 20,000
Q11T {1972) K-Jetronic 2.000 260E (1979) K-Jetronic \{Vlth Lambda 9,000
911 Turbo Carerra K-Jetronic 2’000 740, 740 Turbo LH2-Jetronic 120,000 +
(1976-1977) ' 760 (1983-1985) K-Jetronic with Lambda 11,000
911 Turbo (1978) | KuJdetronic 1,000 760 (1986 on) LH2-Jetronic 10,000+
911 Turbo K-Jetronic with Lambda | 3,000+ 760 Turbo Li-Jetronic 13,000
(1986 on) (1984-1985)
912 L-Jetronic 1,000 760 Turbo L.H2-Jetronic *
914E (1970-1973) | D-Jetronic 45,000 7&)986 on) HoJatront .
914 (1974-1976) L-Jatronic 27,000 Bl (1980 e eironic 0
924 (1976-1979) K-Jetronic 17.000 (1960} rletronic 99,00
924 (1980-1985) K-Jetronic with Lambda & 000 DL (1981-1982) K-Jetronic with Lambda 75,000
924 (1986) Maotronic 3'000 DL (1983-1985) LH-Jetronic 132,000
9243 (1987 on) Motronic " GL (1980) K-Jetronic 9,000
’ 924 Turbo K-Jetronic with Lambda 5000+ GL (1981) K-Jetromc' with Lambda 9,000
| 928 (1978-1979) K-detronic 7,000 GL. (1982-1985) LH-Jetronic 63,000
;l 928 (1980-1984) {-Jetronic with Lambda | 7.000 GLE K-Jetronic with Lambda 2,000
i 9285 (1985-1986) | LH-letronic 6,000 G(‘;gg‘ﬁogw K-Jetronic with Lambda | 38,000
' 9283 {1987 M i - .
i 92884{ (198%3 o) L@‘;ﬁgt'rfmic L2000 Gl. Turbo (1985) LH-Jetronic 2000 |
. 930T K-Jetronic 1,000 -
!r 944, 3, Turbo Motronic 50,000+ continued on next page
I Carerra 4 Motronic *

i *information
not available
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Table a. Bosch Fuel Injection Systems Sold in the

United States (cont'd)
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Manufacturer/ injection system Number
Mode! Installed
(in round
thousands)
VOLKSWAGEN
Type 3 D-Jetronic 85,000
Type 4 (1971-1973) D-Jetronic 30,000+
Type 4 (1974) L-Jetronic 36,000
Beetle L-Jetronic 173,000+
Bus L~Jetronic 235,000 +
Catriciet KE-Jetronic 28,000 +
Corrado Digifant # *
Dasher (1876-1980) K-Jdetronic 60,000
Dasher (1981) K-Jetronic with Lambda 1,000
Fox K-Jetronic/K-Jetronic 40,000+
with Lambda
<ol {1985-1987) K-Jetronic with Lambda 100,000 +
Golf {1988 on) Digifant If *
Golf GTI KE-Jetronic 100,000 +
(1985-1987)
Golf GT (1987) KE-Jetronic *
Golf GT (1988 on} Digifant Il *
Golf GTI 18V KE-Jetronic *
Jetta (1980) K-detronic 9,000
Jeftta (1981-1985) K-Jetronic with Lambda 182,000
Jetta (1586-1987) KE-Jetronic 60,000 +
Jetta {1988 on} Digifant Il *
Jetta GLI KE-Jetronic *
(1985-1987)
Jetta GLI Digifant 1| *
{1988 on}
Quantum K-Jetronic with Lambda 43,000
(1582-1984)
Quantum KE-Jetronic 33,000+
(1985-1988)
Rabbit (1977.1980) K-Jetronic 453,000
Rabbit (1981 on) K-Jetronic with Lambda 109,000 +
Rabbit GTI K-Jetronic with Lambda 25,000+
(1983-1984)
Sciraceo K-Jetronic 77,000
11977-1980)
rocco K-detronic with Lambda 94,000
11981-1987)
Scirocco 16V KE-Jetronic *
Vanagon L-Jetronic with tambda | 48,000
(1980-1983)
Varagon Digijet {VW version of 35,000
{1984-1983) L-Jetronic with Lambda)
Vanagon (1985 on) | Digifant | 24,000+
“information
not available
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1. INTRODUCTION

What sets fuel-injection and engine-managemert systerns
apart from other fuel delivery systems is their ability to precisely
control fuel metering and adjust it in response to changing
operating conditions. The key elements in the success of
Bosch fuel-injection and engine-management systems are (a)
a comprehensive understanding of the engine's varying fuel
delivery requirements over a broad range of operating condi-
tions, (D) extensive research into how the factors which influ-
ence the engine’s fuel needs can be measured and interpreted
by control systems and, (¢) highly developed methods for
controlling fuel metering to optimize overall performance.

iry this chapter, I'll review the basic factors governing air-fuel
mixture and fuel delivery, 'l describe why varicus engine

erating conditions dernand different air-fuel mixtures, and I'lt
sxplain how the air-fuel ratio can be manipulated to improve
driveabitity and control exhaust emissions with fittle sacrifice of
power. In chapter 3 and chapter 5, you'll see how Bosch
applies these principles to the design and operation of their
fuel-injection systems.

2. Basic FACTORS

First, the basics. We'll take a closer look at air-fuel ratios and
the engine’s basic demands for a combustible mixture, /Il
describe additional factors affecting fuel delivery which are
imposed by the demands of the car-buying public, and we'll
examine pressure and pressure measurement —a subject that
s fundamental to understanding how Bosch fuel-injection sys-
tems work,

2.1 Air-Fuel Ratios

An engine's throttle controls the amount of air the engine
€8 in. The main function of any fuel delivery system is to mix
fgei with that incoming air in the proper ratio. Small variations in
airfuel ratio can have dramatic effects on power output, fuel
consumption, and exhaust emissions.

The Basic Combustibie Mixture

Lf_:!ws of physics tell us that combustion of any substance
r‘3<3lL>nres a sufficient ratio of surface area to mass (small enough
Particles), and the correct amount of oxygen (in proportion to
coma_;tr]_noum of fuel). In internal combustion engines these

ONs are met by atomizing the fuel into tiny droplets, and
%;ﬁséenng fuel in correct proportion to the intake air. In round
'S, approximately 14 parts of air are required to support

Opmpiete combustion of 1 part of fuel—in other words, an
ar-fuel rati of about 14:1.

Fig. 2-1. By mass, it takes about 14 parts of air to support
complete combustion of 1 part of fuel. Belore to-
day's concerns over fuel economy and emissions,

an air-fugl ratio somewhere close to 14:1 was good
enough.

Throughout this book, I'll follow generally accepted
practice and discuss air-fuel ratios primarily in terms
of mass. This is the simplest and best way to help you
understand the basic factors governing fuel delivery
and combustion. Many of the Bosch systems, how-
ever, measure air flow by volume. it is interesting to
see that, by volume, the proportion of air to fuel is
approximately 11,500:1.

11,5001

Elg. 2-2. By volume, it takes approximately 11,500 parts of
air to support complete combustionof 1 part of fuel.

Basic Factors
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Notice that l am talking about combustion that is complete —
combustion that makes the best, most thorough use of fuel.
Airfuel ratios which are higher or lower than approximately
14:1 will still burn, but such combustion produces unwanted
by-products and other side effects. As you read further into this
chapter, you'll see what those are, and why precise control of
the air-fuel ratio has become so important.

Rich and Lean Mixtures

The terms “rich” and “lean” are used to describe mixtures
which deviate from the theoretically perfect air-fuel ratio and
burn less efficiently,

A rich mixture is one with a lower air-fuel ratio; there is
insufficient air (oxygen) to support complete combustion of the
fuel. Rich mixtures increase fuei consumption and emissions of
hydrocarbons (HC) and carbon monoxide {CO) —the products
of incompletely burned gasotine, They tend to reduce power,
increase carbon deposits and, in the extreme case, foul spark
plugs and dilute the engine's lubricating oil.

“Enrichment” is the process of metering more fuel for a
given amount of air to produce a richer mixture.

4

Fig. 2-3. Rich mixtures contain mare fuel than can be com-
pietely burned in the given amount of air,

A lean mixture is one with a higher air-fuel ratio; there is
more air than necessary for complete combustion of the fuel.
The fuel will burn completely, but more slowly and at a higher
combustion temperature. Lean mixtures reduce power, elevate
engine temperature, and increase emissions of oxides of nitro-
gen (NO,) —a product of combustion at excessively high tem-
perature. They also tend to cause driveability problems. In the
extreme case, the high temperatures resulting from lean com-
bustion will cause pre-ignition —violent, untimed combustion of
the mixture which has the potential to cause serious engine
damage.

Basjc Factors
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Fig. 2-4. Lean mixtures contain more air than is necessary
for combustion of the fuel. Infericr combustion re-
duces power and can cause engine damage.

Stoichiometric Ratio

When “gas was cheap and the air was dirty,” carburetors
were usually set up to deliver mixtures richer than 14:1, per-
haps with an air-fuet ratio as low as 12:1. As the car aged and
a little excess air leaked in around the gaskets of the carburetor
or the intake manifold, the engine still got a good combustible
mixture. Then, too, the carburetor was farther from the end
cylinders than from the middie ones. A richer mixture was some
compensation for unequal fuel distribution.

There was another reason for setting up carbureted engines
to run a little rich. Air-fuel mixture was less precise, and some
variations were t0 be expected. As shown in Fig. 2-5, variations
in a rich mixture have only a small effect on power, whils
variations in a lean mixture affect power dramatically.

Rich air-fuel variation

——

2 Power change

Same variation
lean air-fuel

POWET et

Power
change

|
I
I
|
i
J
|
|
I
|
[
i
f
!
[
i

\

Rich =— Air-fuel ratio ~—= Lean
B221FUN.BCH |

Flg. 2-5. Variation in a rich air-fugl ratio makes much less
difference in power than the same variation in a lean
air-fuel ratio,
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For today's engines, with the increased emphasis an fusl
gconomy and reduced emissions, the air-fuel ratio has to be
controlled much more carefully. The “ideal” air-fuef ratio—the
one which yields the most compiete combustion and the best
compromise between lean and rich mixtures —is 14.7:1. This is
called the “stoichiometric” ratio. The mixture is neither rich nor
lean.

The Excess Air Factor —Lambda

The stoichiometric ratio can also be described in terms of
the air requirements of the engine. Bosch calls this the “excess
air factor” and represents it using the Greek letter A {lambda).
At the stoichiornetric ratio—when the amount of air equals the
amount required for complete combustion of the fuet and there

" 10 excess air—lambda (A) = 1.

Fig. 2-6. The ideal or "stoichiometric” air-fuel ratio —when
there is just enough air to burn all the fuel—is
14.7:1. This is also described as A {lambda) = 1.

When there is excess air (air-fuel ratio leaner than stoichio-
metric), lambda is greater than one. When there is a shortage

of air (air-fuet ratio richer than stoichiometric), lambda is less
than gne,

the concept of lambda {the excess air factor) was created
Spec'rﬁcally to support thinking about fuel delivery in terms of
the air requirements of the engine. As you'll see iater on, this
concept plays a big part in controlling exhaust emissions.

2.2 Driveability and Emission Control

busfz?; de;cribed thg engine's basic requirement for a com-

€ mixture of air and fuel, how variations in mixture influ-

ence Performance, and how older carburetor systems tended

_'”Uﬂ_ richer than the ideal air-fuel ratio in the interest of
Vering smooth, reliable power.

While power is always a requirement, modern fuel delivery
systems face additional demands. Increasing concern over the
cost and availability of gasoline has resulted in greater dernand
for fuel economy. Environmental concerns and resulting legis-
lation demand rigid control of harmfut exhaust emissions. And,
the carbuying public increasingly demands good
driveability —quick-starting and smooth, troublefree perfor-
mance under any and ail operating conditions. Each of these
factors places different demands on the fuel delivery system,
and there are trade-offs.

Adjusting the system for maximum power also means in-
creasing fuel consumption. Minimizing fuel consumption
means sacrificing power and driveability. Choosing either max-
imum power or minimum fuel consumption means increased
exhaust emissions. The modern fuel delivery system must be
able to maintain strict control of air-fuel ratio in order to achieve
the best compromise and meet these conflicting demands in
the most acceptable way. In general, this means slight sacri-
tices of power and fuel economy in exchange for optimum
emissions control.

Stoichiometric
(ideal)
Rich Lean
Maxirmurm
power

Air-fuel ratio=12.6:1

Lambda (N} =0.86 _—Power
N\
N
N\
N
\\ Best fuel
est fue
Fue!-——/ \\ economy ’
consumption Y -
.___.-__O_- —

Air-fuel ratio==15.4:1
Lambda (A)=1.05
t

Air-fuel ratio =14.7:1
Lambda (M) =1

Flg. 2-7. The air-fuel ratio which delivers maximum power is
slightly richer than stoichiomelric; the one which
delivers minimum fuel consumption is slightly more
lean than stoichiometric. The stoichiometric ratic is
a compromise which sacrifices very fittle of either.

Basic Factors
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Flg. 2-8. Stoichiometric air-fuel ratio (A = 1) yields the best
compromise for controf of hydrocarbon (HC), car-
kon monoxide (CO}, and oxides of nitrogen (N0
emissicns, before the cataivtic converter (a) or after
it (b).

itis fuel injection’s ability to maintain the air-fuel ratio within
close tolerances that makes it superior to carburetor systems,
For the manufacturer, fuelinjection means better emission
control and better fuel economy, both important in meeting
increasingly stringent government regulation. For the owner,
fuel-injection means achieving fuel economy and emission
control while preserving driveability and maximum power.

Fuel Economy - CAFE

Along with the general demand for fuel economy, each
manufacturer must consider another factor: mandated federal
standards for rated fuel economy —the Corporate Average Fuel
Economy (CAFE) standards. The industry trend in rated miles-
per-galton {mpg) turned upward beginning in 1975, as catalytic

converters replaced engine de-tuning as a means of emission:

Basic Factors

control. In addition, government legislation established an av-
erage mpg standard to apply to the total fleet of cars each
manufacturer delivers each year. Further, the target mpg stan-
dard rose each year, starting at 18 mpg in 1978, and rising to
27.5 mpg in 1985, but cut in 1986 to 26 mpg. By 1990 it was
back up to 27.5 mpg. Fuel injection’s precise control of fuel
delivery minimizes fuel consurnption white still providing good
driveability.

2.3 Air Flow, Fue! Delivery, and Engine Load

You know that air is drawn into the engine with each intake
stroke of each piston. The piston moving down on its intake
stroke increases cylinder volume and lowers pressure in the
cylinder. With the intake valve open, air at higher pressure
rushes in from the intake manifold to fifl the cylinder. The
amount of fuel necessary to create a stoichiometric mixture
depends on how much air rushes in.

In simplest terms, intake air flow occurs because normal
atmospheric pressure is higher than the pressure in the cylin-
ders. Air rushes in during the intake stroke, trying to equalize
the pressure. In gasoline engines, the throttle valve restricts
intake air flow. As you open the throttle, the opening to atmo-
spheric pressure raises manifold pressure. So, in practice, the
amount of air that rushes into the cylinder on the intake stroke
depends on the difference between the pressure in the intake
manifold and the lower pressure in the cylinder. Pressure in the
intake manifold depends on throttle opening,

The greatest intake air flow occurs when the throttle valve is
fully open. The throttle valve causes almost no restriction, and
full atmospheric pressure is admitted to the intake manifold.
This creates the greatest possible difference between manifold
pressure and cylinder pressure, and the greatest intake air flow.

Atmospheric

pressure High intake

manifold pressure
Intake valve

—.
-y — wmp
——— Qc
Open throttle \
plate /\

Incorming air -~

Intake stroke ———-
+—1 ]

Fig. 2-9. Attull throttle, nearly unrestricted atmospheric pr es-
sure raises manifotd pressure. Large pressure it
ferertiat between manifold and cylinders increases
air fiow,
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The least intake air flow occurs when the throttle is nearly
ciosed. The restriction of the throttie valve limits the effect of
atmospheric pressure. There is little difference between man-
ffold pressure and the low pressure in the cylinders, and air flow
is low.

Low intake
manifld pressure

Atmospheric
pressure

Closed throttie "
plate
O
fF

Fig. 2-10. With the throtlle closed, atrospheric pressure has
litle effect on manifold pressure. Low pressure
differential between manifold and cylinders results
in little air flow.

Fuel detivery requirements depend more than anything efse
on how much work you are asking the engine to do--on how
much of a “load” you are placing on it. To accelerate, you step
down harder on the accelerator, This opens the throttle valve,
increasing manifold pressure. The greater pressure difference
between the manifold and the cylinders increases intake air
flow, and therefore fuel flow, to increase power and accelerate
the car,

fiving down a level road, you can cruise along comfortably
&J maintain a desired speed with a refatively small throttle
opening. When you come 1o a hill, it is necessary to press
farther down on the accelerator to maintain the same speed,
eventhough engine rpm is unchanged. The hilt has demanded
mor_e work from the engine —created a higher load —and the
€ngine has demanded more air and fuel to match that load.

Regardiess of engine speed, the air flow and fue! delivery
demands of the engine depend on the load being placed upon
it. That load, and the resuiting throttle opening, directly affect
Manifold pressure. Manifold pressure in turn affects air flow and
thus et fequirernents.

2.4 Fuel Pressuyre

su;gi,t? carburetqs and_fuel-injection systems rely on pres-

Stroan, ;?rrsssure q;f?erential to digpense fuel into the intake air

Ddeucé e atornlzgd fuel vaporizes and mixes with the air to
a combustitile mixture.

In a carburetor system, the fuel system supplies fuel to the
carburetor float bowl. The bowl is vented, and the fuel in the
bowl is at atmospheric pressure. Intake air passing through the
carburetor’s venturi creates low pressure in the venturi — lower
than atmospheric pressure. This pressure differential —
between atmospheric pressure in the carburetor bowl and
reduced pressure in the venturi chamber — causes fue! to flow
from the bowi through the discharge nozzle, and into the intake
air stream.

Choke

Atrmospheric

Discharge
pressure: 14.5 psi

nozzle
Venturi

Air pressure Fuel
at Venturi:
5-10 psi Main
metering
jet

-

Throttie valve

B222FUN.BCH

Fig. 2-11. The fuel-metering part of a carburetor operates
with small differences in pressure: fuel in the bowi
at atmospheric pressure vs. reduced pressure at
the discharge nozzle in the venturi.

The pressure differential in the fuel-metering system of a
carburetor is usually pretty small—only a few pounds-per-
square-inch (psi). In contrast, fuek-injection systems introduce
the fuel at higher pressures, anywhere from 30 to 90 psi
depending on the system and specific operating conditions.
Fuel delivery at these higher pressures ensures that the fue! is
better atomized, and it is vaporized more completely in the
airstream. Higher fuel pressure also makes possible more
precise controt of fuel delivery.

2.5 Pressure Measurement

As | get into the specific functional details of each of the
various fugl-injection systems, you'll see that many functions
and relationships are defined in terms of pressure. They may
be fuel pressure values in the fuel system, manifold pressure in
the air intake system, or atmospheric pressure. | may be talking
about a differential pressure —the difference between two op-
posing pressure values somewhere in the system,

Basic Factors
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It any case, pressure values are always expressed in one or
more of the following units or terms. All are correct. With the
appropriate conversion factors, all are interchangeable. Fortu-
nately, the math required to convert between the different units
is simple.

* Pounds-per-Square Inch (psi). The English system unit
of pressure defined as force {pounds) divided by area
(square inches). Atmospheric pressure at sea fevel is
approximately 14.5 psi.

® Bar. A metric term derived from barorneter or barometric
pressure--atmospheric pressure. One bar is approxi-
mately equal to standard atmospheric pressure at sea
level, so 1 bar = 145 psi. Typical fuel pressure in a
pulsed-injection system might be 2.5 bar, or about 36 psi.
European manufacturers’ specifications and pressure
gauges usually refer to pressures in bar.

® kiloPascal (kPa). The proper metric unit for pressure. 1
bar = 100 kPa, so atmospheric pressure at sea lovel is
100kPa, Used mainly in the U.S.

® inches of Mercury (in. Hg). Originally refers to measure-
ment of pressure using a mercury manometer. {Hg is the
chemical symboi for mercury). This is a term used to
specify manifold vacuum; 29.92 in. Hg is the difference
between standard atmospheric pressure at sea leve! and
absolute vacuum.

Table a lists the various units of pressure and appropriate
conversion factors.

Table a. Units of Pressure Conversion

Unit Atmospheric to convert to:
pressure (sea : -
fevel) psi [ bar f kPa I in.Hg
multiply by:
psi 14.5 - 0.069 6.9 2.06
bar 1 145 - 100 29.92
kPa 100 0.145 0.01 - 0.299
in.Hg 29.92 0.485 0.033 3.34 —

I you watch the local TV weatherperson, you'll see how
barometric pressure readings (in. Hg) are used to describe
atmospheric pressure changes. Listen to the references to
“highs” and “lows™. Changing atmospheric pressure changes
the density of the air. Denser intake air can slightly after the
air-fuel ratio and may affect how your engine operates. Some
Bosch fuel-injection and engine-management systemns have
features which allow the system to compensate for variations in
air density.

Basic Factors

Gauge Pressure vs. Absolute Pressure vs.
Vacuum

F've described engine intake air flow and load in terms of
manifold pressure, and I've discussed the units of measure
used to describe pressure. Now it is important that you under-
stand exactly what you are measuring.

For many years, people have traditionally thought about
engine air flow and load in terms of vacuum —the ‘‘vacuum”
created in the intake manifold by the pistons’ intake strokes.
Using atmospheric pressure as a baseline, as zero, the lower
manifold pressure is expressed as a negative value —vacuum.

By the 1980s, the automotive industry had moved away
from thinking in terms of vacuurn. Widespread use of fuel
injection began to demand more gccurate measurement of
manifold “vacuum”, and turbocharging —where manifoid pres-
sure may exceed atmospheric pressure—began to biur the
distinction between vacuum and pressure. A simpler and more
useful approach is to think in terms of manifold absolute pres-
sure (MAP). MAP refers to the pressure in the intake manifold
which is positive compared ta zero absolute pressure, rather
than negative compared to atmospheric pressure.

If that seems hard to understand, think of atmospheric
pressure at sea level. We tend to think of this as zero pressure
and, in fact, an open fuel-pressure gauge will read 0 at sea
fevel. But remember, atmospheric pressure at sea level is
actually 1 bar (14.5 psi). Almost all pressure gauges use atmo-
spheric pressure as their reference. Any measurement made
with the gauge reads pressure only with respect to atmo-
spheric pressure. As indicated by Fig. 2-12, a gauge which
reads O pressure at sea level (atrospheric pressuire) is actually
measuring 1 bar on the absolute pressure scale.

GSOLUTE 50«44

0
OSPHE
wWecALg o

B8310.NT.BCH ‘_J

Fig. 2-12. Calbration of pressure gaugs influences how you
interpret pressure readings.
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Using absolute pressure as the reference point, the piston
on its intake stroke is creating a very low pressure in the
oylinder —approaching zero absoiute pressure. The pressure
in the intake manitoid -- manifold absolute pressure (MAP) —is
higher and always a positive number. Higher still is atmo-
spheric pressure outside the engine, its influence on manifold
pressure controlied by the throttle. Boost from a turbocharger
or supercharger is pressure above atmospheric pressure.
Many European boost gauges read MAP They are calibrated
from zero absolute pressure so, with the engine off, the gauge
reads 1 bar —normal atmospheric pressure.

I've been driving with a “vacuum” gauge connected
to the intake manifold of each of my last 9 cars. The
jauge comes calibrated in terms of vacuum, so at
wide open throttle (WOT) it reads close to zero. | have
also marked my gauges to read MAP, positive mani-
fold pressure relative to absolute pressure at or near.
sea level. That means that at WOT (near zero vac-
uumy), my gauge reads about 9 on the homemade
MAP scale, as shown in Fig. 2-13. | can read it two
ways: multiply by 10 to read pressure in kPa (90 kPa),
or divide by 10 to read pressure in bar (0.9 bar). The
important point is that the numbers increase as the
load and power increase. Fig. 2-14 shows approxi-
mate range of gauge values for various driving con-
ditions and throttle positions. By coincidence, 65 mph
cruise reads about 65 kPa or 0.65 bar.

w | Manilold vacuum
in. Hg

G 20kPy

Fig. 2-13. Manifold vacuum gauge calibrated lo read vac-

uum fin Mgl can also be calibrated to read man-

| ol absolute prossure (MAP). With fuel-injection

| or forced-nduction systems, MAP makes it easier

o refate engine toad and tvottle opening 10 man-
; Holet pressure

Increasing load

7

part-thiottle _ .
~ acceleration

_—Vacuum (in. Hg)
4

\

MAP (kFa + 1C or bar X 10) B2SOFUN.BEH

Fig. 2-14. Gauge schematic shows how vacuum and MAP
indications relate to throttle opening.

On aturbocharged car, boost will read above 10 (100
kPa) on the MAP scale. MAP changes continuously
from about 20kPa during overrun (coasting with
closed throttle) to perhaps 160kPa at maximum
boost. When we discuss the importance of manifold
pressure to fuel injection, you will find it an advantage
to think in terms of the positive MAP values {from
absolute zerg) rather than vacuum,

3. OPERATING CONDITIONS AND DRIVEABILITY

If | were talking about the requirements of a stationary
industrial engine, 'd expect it to operate under basically fixed
conditions: constart rpm, constant load, nearly constant tem-
perature, limited stops and starts, no acceleration, and no
heavy-footed driver. Such an engine would operate quite nicely
at a fixed air-fuel ratio. It could be easily tuned to maximize fuel
economy, and would require only the simplest of fuel systems.

Cars, howsver, are a different story. We expect them to
perform under the widest possible variety of operating condi-
tions. And we have given ‘'performance” a new definition it is
not only impressive horsepower and torque, but also maxtimum
fuel economy, and controlled exhaust emissions. As if these
performance demands were not enough, we aiso expect the
car to meet these demands effortlessly, at any time, under any
conditions, and at the turn of a key. We expect what has come
to be called ‘driveability’’ —the ability of the car to provide
smooth, trouble-free performance under virtually any condi-
tions while delivering power, fuel economy, and controlled
emissions.

Operating Conditions and Driveability
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Driveability is a term which evolved out of the early days of
strict emission control and the '70s energy-crisis concerns over
fuel economy. The tess-developed technoiogy of the time dic-
tated an approach to both problems which often resulted in the
engine running too lean. Running too lean robbed power and
contributed to rough idle, poor throttle response, sturnbling
and stalling, and overall poor running. Fuel injection and more
complex engine-management systems offer the precise con-
trol and flexibility necessary to meet modern performance
requirements,

To meet these demands under different operating condi-
tions, the engine has different air-fuel requiremnents. 'l discuss
these operating conditions, the effect they have on basic air-
fuel requirements, and how the capabilities of fuel-injection and
engine-management systems are used to meet these require-
ments. I'm describing what these systems in general can do,
not necessarily what a basic Jetronic fuel-injection systerm will
do, particularly those systems on cars manufactured before
1982,

3.1 Normal (Warm) Cruise

Normal cruising at light load with the engine fully warmed up
is the baseline operating condition. The basic fuel systemn is
designed to meet the engine’s need for the proper air-fuel ratio
under these simple cruising conditions. The design must be
flexible enough to handle fuel defivery at different speeds and
loads, but this basic fuel metering is the fuel system’s simplest
task. Though the driver may add power on a hili or to pass
another car, or cut back power to stow down, fuel management
is stilt relatively simple. Al other parts of the fuel system which
compensate for different operating conditions do so by making
adjustments to this main fuel-metering function.

When you are cruising down the interstate, if the road is
level the engine is operating under relatively constant normal
conditions. The fuet quality may vary from one tank fillfto the
next; weather and outside temperature may change; it may be
dry or it may be damp. The ideal air-fuel ratio wilt be different for
each of these conditions. A fuei-injection system can adjust to
these changing conditions with litlle ¢hallenge, maintaining
air-fuel delivery near the ideal (stoichiometric) ratio of 14.7:1 to
satisfy the most important considerations of fuel economy and
low exhaust emissions,

3.2 Starting

As an owner, you expect the engine to start instantly;
whether it's at sub-zero temperatures or parked in the desert,
too hot to touch; whether it's been sitting for five minutes at the
store or for five weeks in the garage.

As far as fuel system requirements are concerned, starting

makes different demands depending on temperature. I'lf dis-
cuss cold start, warm start, and hot start.

Operating Conditions and Driveability

Cold Start

This means the engine is cold; that is, it probably hasn't run
for at least 12 hours. In most cases, the temperature neadle is
at the low end of the gauge. The engine might be as coid as
—20°F (—30°C), sometimes called coid-coid; ar as hot as
115°F (45°C), sometimes called warm-cold. In either case, the
engine is still cold compared to its normal operating tempera-
ture of about 195°F {90°C).

Fig, 3-1. Engine-cold ternperature varies according o out-
side temperature. Coid start means the engine has
not run for several hours.

To understand the distinctions I've made in cold-start
temperature, consider the Environmenial Protection
Agency (EPA) definition of cold start. For EPA testing,
cold is room temperature, about 68°F (20°C); all cars
are tested on dynamometers inside the lab. The en-
gine must cold-soak at 68°F in the Jab next o the
dynamometer for 12 hours before the test. Cars are
pushed onto the dynamometer for the cold-start test.
As it happens, 68°F is close to actuat coid start tem-
peratures in Southern Calfornia and much of south-
ernU.S. Engine temperature affects the driveability of
your engine, which may be much colder than an EPA
cold engine. For scientific comparison testing, and for
the regulatory aspects of EPA testing for emissions
and fuel economy, uniformity is the most important
factor.
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Normai room
" temperature
EPA cold-start
test

Warrn-cold

Fig. 3-2. Fuel requirement for engine starting varies accord-
ing to outsidle air temperature: cold-cold or warm-
cold. These temperatures are both cold compared
to normal engine operating temperatures.

In most parts of the country, you will at times be faced with
cold-cold starting conditions; the most challenging of all. Gas-
oline is less likely to vaporize when it is cold. Even if it is
adequately vaporized, some fuet condenses on the cold parts
of the engine before it can be burned. The engine requires
extra fuel for starting so that, in spite of vaporization and
condensation problems, the engine still receives a combustible
air-fuet mixture.

What constitutes a combustible mixture depends on air
temperature, the volatility of the gasoline, altitude, barometric
pressure and humidity. While a carburetor relies on a relatively
crude choke mechanism to increase fuel delivery for cold
Starting, fuel injection compensates for many of these factors.

Lerature is the most important.

Cold-start enrichment quickly becomes a problem # the
?ngine does not start right away; due to a marginal battery,
)gniticn components in poor condition, or whatever. Enrich-
ment during cranking must be cut back in a matter of seconds;
#it goes on too long, the air-fuel mixture will be too rich to ignite.
The spark plugs may become fuel-fouled, particutarly when
they are cold, and the engine will not start,

Cold starting also needs help in terms of intake air flow. A
Z:(r)s}ed throt_tle and slow cranking speeds do not allow enough
stan?r starting. Drivers of carbureted cars develop intricate

NG procedures: depress the accelerator to the floor, re-

o €d‘. then r_lolct.the throttle about ¥4 open {for example). The

fast_ic;?pres:mn is necessgry to set the carburetor choke and

the ene cams; the second is to open the throttle and make sure

Ooﬁtrolgtl:e is getting enough air. Fuel-injection systems can

air wh & air by bypassing the closed throttle, admitting more
en cold without any effort or attention from the driver.

Warm Start

Warm starting is very much like warm running. The air-fuel
demands are simple. A warm engine heips promote fuet va-
porization, and fuel is much less likely to condense out of the
air stream onto warm engine paris

Depending on the temperature, the engine may benefit
from some small portion of the usual cold-start compensations.
A carbureted car may benefit from a light push on the throttle,
using the accelerator pump to deliver a little extra fuel. A
fuel-injection system sensing temperature only a little below
normal may just slightly enrich the mixture and slightly increase
intake air to improve warm starting.

Hot Start

This means the engine is hot; perhaps after being driven for
sorne time on a hot day, and then aliowed to sit for a short time,
unabile to significantty cool. Under these conditions, sometimes
called “hot soak'” under-hood temperatures may exceed 250°F
(120°G).

The most important aspect of hot soak and subsequent hot
starting is the possibility of overheating the fuet. For a carbu-
reted engine this may mean boiling the fuel in the fuel bowl and
losing it as fuel vapor into the atmosphere. Hot starting be-
comes more difficult, since it takes time for the fuel system to
refill the bowl so that fuel can reach the discharge nozzte.

In any engine, the excess heat may raise fuel temperatures
and cause ‘'vapor lock’ —vaporized fuelin the lines. Unlike fuel,
the resuiting vapor in the lines is compressible, so the fuel
pump cannot necessarily overcome the problem and deliver
fresh fuel. In fuek-injection systems, the number of fuel lines to
individual injectors and the routing of lines near the engine
makes heat-soak a more acute problem. To ensure quick hot
restart, the system must maintain pressure in the fuel fines and
the injectors while the engine cools to prevent vapor fock.

Some fuel-injection systems combat the fuel vaporization
problem by adding small doses of extra fuel, similar to cold start
enrichment. The extra fuel while cranking slowly heips the
engine start; then the increased air flow and fue! demands of
the running engine can overcome the vapor tock.

Ignition Timing and Starting

For the more sophisticated engine-management systems,
adjusting the ignition timing can help start a cold engine. if the
engine is turning over a littlle siowly because of thick, cold oil in
the crankcase, or reduced battery voltage at low temperatures,
the best ignition timing is near Top Dead Center (TDC}. More
advanced timing, even as littte as 10 degrees before TDC,
allows the stow-turning engine to fire while the piston is stilt
rising, the reverse torque may damage the starter.

Operating Conditions and Driveability
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On a warm day, ignition timing of a coid engine can be
advanced because the engine spins a little faster. But if the
temperature were high (hot start), retarded ignition timing can
prevent reverse torque and starter damage caused by igniting
the air-fuel mixture before the piston reaches TDC. Also, the
engine may knock during starting # intake air temperature is
too high. In short, it is desirable to retard ignition timing for
conditions of low cranking speed, and on the basis of high
intake-air temperature. More advanced ignition timing is per-
missible under less challenging, warm starting conditions.

3.3 Post-Start and Warm-Up

Post-start refers to the period immediately after the engine
fires, The engine requires less enrichment than for starting, but
it is still cold. Some enrichment js required to compensate for
poor fuel vaporization and for condensation; and to improve
torque and throttle response, even though acceleration at this
paint might not be good driving practice. Engine torque must
be sufficient to carry the load of a cold automatic transmission
shifted from Neutral to Drive; many cold engines have a ten-
dency to stall when so shifted.

The amount of post-start enrichment reguired depends on
temperature and time; a colder engine requires more enrich-
ment for a longer period of time. On the other hand, exhaust
emission control demands that enrichment be cut back prop-
erly. An engine can fail its EPA emission test in the first thirty
seconds after "cold” start if the post-start enrichment causes
excessive exhaust emissions. '

Post-start ignition timing can be advanced to improve the
engine running and incidentally to reduce the requirement for
enrichment during this period. Post-start can end in a few
seconds or may last as long as fifteen or twenty seconds if the
ternperature is extremely cold. But, strangely, ignition retard
can be used to heat the exhaust, and therefore the lambda
sensor and catalytic converter, which work as intended only at
high temperatures. That means emission control can be effec-
tive quickly after a start,

Warm-up refers to that period when the engine is in transi-
tion from its cold, post-start temperature, to its normal opecat-
ing temperature. As the engine begins to warm up, it begins to
require less and less enrichment. Since warm-up is a smooth,
gradual process, the reduction of enrichrent needs o be
gradual too. If the engine is really cold, warm-up can last for
several minutes. Since the car is probably being driven during
the warm-up period, enrichment which is appropriate for the
conditions at any given time is essential to ensure driveability.

On a carbureted engine, the choke mechanism is sensitive
to temperature. As the engine warms the choke warms, grad-
ually reducing warm-up enrichment. Fuel-injection and engine-
management systems also use temperature as the main input
for control of warm-up enrichment. £ngine cootant temperature
is the most cornmon input. Some systems also respond to
changes in intake air temperature.

Operating Conditions and Driveability

For systems that have the capability to control ignition tim-
fng, advancing the timing during warm-up under part-throttle
load can aid driveability. Retarding timing during warm-up
under closed-throttle deceleration will reduce hydrocarbon
(HC) emissions which risk being excessive anyway due to the
warm-up enrichment,

Celd-start enrichrment

Amount of enrichment
dependent on coolant temperature

Post-start Warm-up
enrichment enrichment
Time —w

Fig. 3-3. Until the engine is fully warm, various degrees of
enrichment are required. Starting requires maxi-
mum ervichment, depending on engine ternpera-
ture. Post-starl enrichment keeps the engine run-
ning for the first 30 seconds or so Warm-up
enrichment siowly drops off as the engine warms to
normal operating lemperature.

3.4 ldle

Our cars spend a lot of time idling, so a smooth idle and
good off-idle throttle response are important aspects of drive-
ability. First, there are some unique requirernents for idle con-
trol during post-start and warm-up, Once the engine is warm,
there are other factors which influence idle speed, and fuel
injection’s capabilities make possible improved idle character-
istics.

Cold and Warm-up Idle

As I've already suggested under 3.2 Starting, a cold engine
has different air-fuel requirements than a warm engine. At idie,
more air and more fuel are needed just to overcome the higher
running friction of a cold-engine. A slightly higher idle speed is
necessary to keep the cold engine from stalling, and to support
good off-idle throttle response.

Fuel-injection systems, using both temperature inputs and
direct rpm input, can precisely controf idle speed by contralling
intake air flow. With this precise control, cold idle is higher, b_Ut
driveability is maintained. One of the joys of driving cars with
fuel-injected engines is the freedormn from a too-fast idle that C_a”
far the car when an automatic transmission is shifted into Drive
or Reverse.
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Warm Idle

The main requirements of a warm engine running at idle
speed are smoothness, and smooth response once the throttle
is opened. Some engines require a richer mixture at idle for
smooth running, and to ensure good off-idie response. With
ignition timing control capability, it is also possible to operate
with a leaner mixture and achieve a smooth idle by changing
ignition timing.

in general, the engine should idle at the lowest speed at
which the engine will still run smoothly enough to satisfy the
driver. Reducing idle speed to a minimum reduces noise and
fuel consumption.

The biggest obstacle to low idle speeds is the variation in
i . on the engine at idle. At idle, small changes have big
consequences. Friction loads change with temperature; the
power required to operate the charging system varies with
electrical Joad (headlights, for example); air conditioning com-
pressors switch on and off; on cars with automatic transmis-
sions, shifting into Drive or Reverse at idle increases the load.

Fuel injection’s capabilities include idie stabiiization {aiso
called idie-speed control). By monitoring and constantly cor-
recting idle speed, it is not necessary to maintain a higher-
than-minimum idle o handie variations in engine performance,
changing of loads, and similar causes of stalling from idle.

Advanced idle-speed stabilization systems satisfy some so-
phisticated requirements, particularly on cars with air condition-
ing {A/C) and automatic transmission:

1. In Neutral, A/C off: maintains the minimum idle speed
that is required for engine smoothness

2. In Neutral, A/C on:
— for small compressors, increases idle speed to run the
compressor faster (increase A/C performance)
— for large compressors, maintains idle speed by corm-
pensating for added compressor load
— through A/C relay, delays compressor-clutch engage-
ment for Ve second to prevent temporary rprm drop

3. In Drive:
— for smooth-idling engines, reduces idle speed to
minimize stoplight creep
— for rough-idling engines, increases idle speed to min-
imize idiefload-induced vibration

4. !n Drive, when A/C switches on: controls idle speed
Increase to aveid inadvertent surge when driver does not
expect it

3.5 Acceleration

Any time you press the accelerator, opening the throttle
increases manifold pressure which in turn increases intake air
flow. The fuel system, responding to this increase in air flow,
meters additional fuel to maintain the correct air-fuel mixture.

Accelerating —opening the throttte very quickly —places ad-
ditional demands on the system. The sudden transition from
closed throttle to open throttle produces sudden spikes in
manifold pressure. The fuel systemn responds quickly to these
changes, but not instantly. Some additional fuel delivery capa-
bility is required to compensate for these changes in manifold
pressure —to prevent stalling and produce the quick throttle
response we have come to expect and demand,

For quick, smooth throttle response under acceleration, the
basic system of air flow sensing and fuel metering is too slow.
The fuel system must be able to instantly compensate for rapid
increases in manifold pressure with additionat fuel. In many
carburetors, additional fuel is supplied by the accelerator
pump. It mechanically squirts additional fuet into the intake air
stream whenever the throttle is opened suddenly. As you will
see in later chapters, fuel-injection systems employ various
methods of acceleration enrichment.

In 2. Basic Factors | explained that fuel injection systems
are designed to maintain the air-fuel ratio in the narrow range
arcund stoichiometric, but that maximum power output is
achieved with an air-fuel ratio that is slightly richer. In addition,
the engine may need a richer mixture to reduce the tendency
to knock. Many fuel-injection systems recognize full-throtile
acceleration as a special case, and provide additional acceler-
ation enrichment keyed to the full-open throttle position.

During acceleration, systems which can control ignition
timing can deliver the best balance between advanced timing
for maximum torque, and retarded timing for knock control.

3.6 Deceleration and Coasting

in the quest for minimum fuel consumption, engineers are
quick to take advantage of opportunities to reduce fuel waste.
One such opportunity is coasting cut-off, also known as over-
tun or deceleration cut-off.

The basic idea of deceleration fuel cut-off is this: the engine
takes in some air and the fuel system delivers some fuel even
when the throttle is completely closed (at idle, for examplg). On
the road, when the car is decelerating or coasting with the
throttle closed, this fuel is wasted. R is passing through the
engine and being expended, but doing no usefut wark. Cutting
off fuel during these conditions can save fuel, even in city
driving. It also reduces exhaust emissions. To prevent stalling,
fuel flow must be re-established at some programmed engine
speed (above idie).

Operating Conditions and Driveability
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Fuel cut-off behavior may be less satisfactory when the
engine is cold, so normally the rpm limits for cut-off and for
re-establishing fuel injection are higher for a cold engine,
Coasting cut-off must also be restricted so it will not operate
during shifting of manual transmissions, and so it will not
interfere with cruise control.

Engine-management systems which can control ignition
timing can retard the timing during the transition to smaoth the
response to the cut-off and resumption of fuel injection,

Deceleration fuel cut-off was a feature of the earty :
D-Jetronic systems supplied on some Volkswagens; .
butthe air-cooled engine cooled imegularly during the.
cut-off 50 emissions were actually increased:; the fea-
ture was discontinued. ¢ ... . B

Water-cooled engines equipped with Jetronic sys- -
tems have greater temperature stability, and can use. .
deceleration cut-off successfully to save fuel and re- .-
duce emissions. Fuel cut-off is less successful n
carbureted engines and those with throttle-body in-
jection because the fuel is delivered so far from the
cylinders. As fuel flow is resumed, the lag between -
restoring fuel delivery and resuming combustion
spoils driveability with jerky response, S

3.7 Altitude

At altitudes above sea level, the air is less dense; for a given
volume of air, there is less oxygen to support combustion of
tuel. In carburetors, and in fuel-injection systems which mea-
sure intake air by volume, less dense air changes the effective
air-fuel ratio; at higher altitude, the mixture is richer.

Scme fuelinjection systems can measure and respond to
changes in air density, changing the air-fuel ratio as required to
maintain the ideal (stoichiometric) ratio.

3.8 Engine Shut-Off

Engine shut-off is another chance to prevent wasting fuel,
Carburetors dispense fuel into the intake air stream as long as
the engine is turning over, whether or not the ignition is on. In
contrast, turning off the ignition of a fuekinjected car also cuts
power to the electric fuel pump. Fuel flow is immediatetly cut-off
to prevent dieseling, or run-on.

3.9 RPM Limitation

Precise control of fuel delivery allows the fuel system to be
used to limit engine rpm and prevent damage from over-
rewing. Before the days of catalytic converters, rpm was limited
by simply cutting out the ignition when the rpm got too high.

Operating Conditions and Driveability

Cutting the ignition, however, still allows unburned fuel into the
catalytic converter and causes it to overheat; sometimes dan-
gerously. Since the mid-1970s and the advent of catalytic
converters, rpm limitation has been accomplished by the fuel-
mjection system cutting back on fuel delivery. The goal is to
keep the engine running at its limitation without dumping un-
burned fuel into the catalytic converter.

3.10 Ignition Timing

For some of the specific operating conditions described
above, I've described how ignition timing adjustments can be
used to enhance performance and satisfy driveability require-
ments.

In terms of alf four major aspects of performance —power,
fuel economy, emission control, and driveability —ignition tim-
ing is a significant factor; perhaps as significant as air-fuel
mixture. Combustion in the cylinders takes a certain amount of
time. In terms of how we usually think about time, combustion
is very rapid, but it is not instantaneous.

As the piston is compressing the mixture on the compres-
sion stroke, the exact point at which the spark plug fires to
ignite the mixture —ignition timing —has profound effects on
the quality of combustion and the amount of power that is
produced. Because of its influence on the combustion process,
ignition timing also affects combustion ternperature which can
also significantly affect exhaust emissions.

Moderm fuet-injection systems have evolved into engine-
management systems —systems which manage much more
than fuel defivery. Chief among the extra capabilities of an
engine-management system is simultaneous controt of ignition
timing and fuet delivery. Controlting both factors opens up new
possibilities for power and driveability improvements white
maintaining tight control of exhaust emissions and fuel
economy.
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Fig. 3-4. Typica! ignition timing advance curve can be mod-
ified for best performance, from starting t©
acceleration.
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4. EmiSSION CONTROL

it is practically impossible to separate the development of
today's fuelinjection and engine-management systems from
the increasing demand for control of harmful exhaust emis-
sions. Exhaust emission control could not have been accom-
plished as successfully without fuel injection and, likewise, fuel
injection may nat have been so successful and widely used
were it not for the challenges of meeting emission control
regulations,

With changing legisfation and tougher regulatory standards,
fuel-injection systems have undergone significant changes so
that engines can meet the emission standards white providing

driveabiiity demanded by owners. The superiority of these
systems is also demonstrated by the fact that, even as U.S. fuel
sconomy standards have tightened, fuel injection has added
hoth economy and power to smaller engines.

It is interesting to note that many fuel-injected cars are able
to eliminate some types of emission conirol that interfere with
driveability on carbureted cars, including exhaust gas recircu-
lation (EGR) and air pumps. If you know something about
emissions and the limits placed on them by legislation, you'll
understand more about how fuekinjection and engine-
managernent systems work.

41 Combustion By-Products

Combustion of the air-fuel mixture in the engine cylinders
creates gaseous by-products which make up the exhaust.
Some of these are harmless, and some are known to be
harmful. Three gases: hydrocarbons (HC); carbon monoxide
(CO); and oxides of nitrogen (NO,) are the most harmful ones.
"mission of these gases in vehicle exhaust is regulated by the

ederal Clean Air Act. The same gases are often subjected to
tighter limits by state reguiation in Catifornia.

Intake

Harmless
by-products

Exhaust
Harrmrful
+ + pollutants
Hnburned B218FUN.BCH
Flg. 441, The emission equation: Engine takes in fuel, oxy-

gen, and nitrogen (lop). Combustion produces
harmless by-products: carbon dioxide, water, and
nitrogen (middle); and harmfut pollulants: unburned
hydrocarbons, carbon monoxide, and oxides of
nitrogen (bottor).
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Hydrocarbons (HC). Gasoline is a compound composed
of hydrogen and carbon; in the combustion process, these
etements combine with oxygen to form the by-products water
{H20} and carbon dioxide (COg); HC inthe exhaust is unburned
gasoline, the resuit of incomplete combustion.

Carbon Monaxide {CQ). CO, a poisonous gas, is another
result of incomplete combustion; when gasoline burns com-
pletely, the result is CCo.

Oxides of Nitrogen (NO,). (NO,) refers to several kinds of
nitrogen oxide which result from nitrogen and oxygen during
combustion. Nitrogen and oxygen are normal parts of air, but
they exist in air as separate elements. And, as long as the
cormbustion temperature stays below about 2000°F (1100°C},
the nitrogen and oxygen do not combine. The nitrogen passes
out the exhaust pipe just as it came in, separate and harmless.
Combustion temperatures only slightly higher, however, cause
these two elements to combine chemically into various forms of
nitrogen oxide (NO,}, a key element of smog,

Remember, these axhaust gases are normally colorless and
invisible. A ciear tailpipe is not the sure sign of a clean-burning
engine; it may be pumping out invisible polivtants.

Lintit recently, carbon dioxide (COp) was considered a .
harmnless emission. But now we must consider the | .
“greenhouse™ effect. Recent studies show that COpis -
accumuiating in the upper atmosphere, rapping glo-. .
bal heat much as glass traps heat in & greenhouse. . :

. The probabte resuits are rises in global terperatures, .
* successive heat waves, and iceberg mefting, which
couid raise ocean !eve%stoﬂoodseasnde pmpeftres?

i woridwide. “

ANy buming of fossi fuels such as oll, gasoline, and
... coal produces COp. Automobiles are a sigrificant
- source. What can we do in driving to reduce COo?:
| Avoid unnecessary idling, for one thing. This high-
7 lights the need fo adjust traffic pattemns fo reduce
- traffic jams. What eise could the “greenhouse” effect:
‘1 mean to car owners? Smaller engines, because COz
" increases with displacement. Also, it could mean r.
" strictions on driving, and increased pressure from’
- Congress for higher CAFE (more rated mpg) from:
avery maker. As | write this, in recognition of the.
- “greenhouse” effect, some carmakers are scrapping
' p»iansfornewlargeenglnes But the aftemative is not.
very attractive, either.

Emission Control
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% p— Allowable percentage compared to—’
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Fig. 4-2. Evolution of US. government-mandated emission
control standards, Jetronic fuel injection came in to
meet the early exhaus! emission standards. As
limits tightened after 1980, virtually ali European
cars sold in the U.S. were equipped with Bosch fuel
injection.

4.2 Effeqts of Air-Fuel Ratios on Poilutants

Although exhaust poliutants are not normally visible, some
visual clues are a tip-off to poor air-fuel mixture controf, Black
smoke coming from the exhaust pipe is usually a sign of
unbumed gasoline; a rich mixture. But look around you on the
street; black smoke is something rarely seen on tuel-injected
cars.

Just as variations in the air-fuel ratio affect power output and
fuel consumption, they also affect exhaust emissions. As |
described in 2. Basic Factors, the air-fuel ratio is a key to
complete combustion of the fuel. it also affects combustion
ternperature which in turn affects the formation of pollutants,
Too rich (too little air), and the fuel will not be completely
bumed. The unbumed fuel will enter the atmosphere as CC
and HC. Too lean {too much air), and elevated combustion
temperature increases NO,. Fig. 4-3 shows how relative levels
of each of the three major pollutants in the engine exhaust are
affected by variations in the air-fuel ratio,

While Fig. 4-3 illustrates the effects of air-fuel ratio on the
formation of harmful emissions, it also ilfustrates the fundamen-
tal problem in the control of these three poliutants: adjusting
air-fuel ratio to ensure complete combustion and minimize the
production of HC and CO has the undesirable side-effect of
increasing NO,. Likewise, richening the mixture to minimize
combustion temperature and the formation of NO, brings un-
acceptable increases in HC and CO.

Emission Control

it becomes clear then that manipulation of the air-fuel ratio
s simply not enough to adequately controf all three of the most
harmful pollutants, especially in the face of increasingly tough
emission control regulations. Control of air-fuel ratio to optimize
emissions is a first step, to be followed by treatment of the
exhaust after it leaves the engine. Maintaining precise control of
the air-fuel ratio by electronic control of fuel metering Is impor-
tant not only to the composition of the combustion by-products
but also, as you'll see, to the operation of three-way catalytic
converters.

Exhaust gas
{before converter)

~ -~ CO

110 Lambda
16.2 Air-fuel ratic

0.90 095 1 1.05
| 132 14 147 155

Fig. 4-3. Poliutantievelsin engine exhaust change drastically
as air-fuel ratio changss. Notice the trade-off be-
tween control of HC and CO, and control of NOx.

. Wheniflew piston-engine aircraft, | adjusted for a rich
air-fuel mixture during high-power climbs to keep the
engine cool. Then, during cruise, | feaned the mixture.
if the needle on the temparature gauge started to rise
above the green arg, | knew | had leaned the mixture
too much. if you install an exhaust gas temperature
{EGT) gauge on your car engine, you can make
similar observations ({though the mixture is not
cockpit-adjustabie). | added an £EGT gauge when |
tnstalled an aftermarket turbocharger.

—
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4.3 Exbhaust Gas Recirculation (EGR)

Exhaust Gas Recirculation (EGR} is a technigue for reduc-
ing the formation of oxides of nitrogen (NOx). A small amount of
exhaust gas is rerouted back into the combustion chambers,
diluting the combustible mixture and lowering combustion tem-
perature. You'll remember that excessive combustion temper-
ature is the cause of NOy formation.

EGR is necessary to properly control emissions in almost all
carbureted engines, fuelinjected engines can often do away
with EGR by maintaining proper control of the air-fuel ratio and
treating the exhaust with a three-way catalyst.

«+.4 Exhaust Gas Aftertreatment

As | discussed above under 3.2 Effects of Air-Fuel Ratios
on Pollutants, precise control of the air-fuel ratio alone is not
enough to provide adequate reduction and controt of engine
exhaust pollutants. While this precise control is essential, the
necessary reductions require additionat treatment of the ex-
haust after it leaves the engine — aftertreatment.

A variety of methods of exhaust gas aftertreatment have
been employed as the allowable levels of poliutants have been
forced lower. Alf rely to some degree on particular exhaust
characteristics to function properly, so the success of all de-
pends on precise cantrol of the air-fuel ratio.

AIR, Air Injection Reaction

One of the early approaches to reduce emissions was air
injection, An air-pump, commonly referred to as a “smog
pump”, delivers air into the exhaust manifold. Adding air tends
" burn HC and CO as they exhaust from the cylinders, reduc-
1§ emissions but increasing underhood heat. You'll find air
injection on most carbureted engines and even on many U.S,
fuel-injected engines. But Bosch fuel injection controls fuel
delivery with enough precision that air injection is seldom
necessary; it is used only on the largest Bosch-equipped
engines.

Catalytic Converters

Catalytic converters are installed as part of the exhaust
Systern, located between the exhaust manifold and the tailpipe.
The interior surfaces of a catalytic converter are coated with
Special materials — catalysts — that promote additionat chernical
reactions with the pollutants in the exhaust gas and convert
them into less harmful substances.

Oxidation catalysts make use of excess air supplied by an
alr pump to oxidize CO and HC --add oxygen —and convert
them to CO2 and H20. Reduction catalysts work without the
addition of excess air to reduce NO,. The combination of an
oxidation catalyst and a reduction catalyst in one housing—a
dual-bed catalyst—produces a complex series of ¢hemical
reactions which reduce all three pollutants. A disadvantage of
dual-bed catalysts is that they rely on a slightly rich air-fuel ratio
which increases fuel consumption,

To wark mast efficiently, the converter must be as hot as
possible. For this reason, the best placement is in the exhaust
system as near to the engine as possible. In addition to oper-
ating at high temperature, the reaclions thernselves produce
heat. Most catalytic converters require heat shields to prevent
combustion of something under the car. Even so, drivers are
cautioned to avoid parking a hot car near anything combusti-
ble, such as tall grass or dry leaves.

Fig. 4-4. Catalytic converter reatment of exhaust generates
heat, so converter has heat shield to protect car
and anything combustible under the car

Three-way Catalytic Converters

The most advanced — and by now the most widely used —
catalyst is the three-way catalyst, so-called because its chem-
ical reactions operate to lower all three controlied pollutants to
levels which could not be achieved previously.

Remember that, in complete combustion, HC + O + N =
CO» + HpO + N; incomplete combustion produces CO
instead of CO»; and high temperature combustion, as from a
lean mixture, combines N + O to form NG,.

In the three-way catalytic converter, we want to (1) add
oxygen to oxidize the HC and CO to make HxC and CO, and,
(2) take away axygen to reduce NO,, separate it into N and Oz.

Emission Controf




18 ENGINE MANAGEMENT FUNDAMENTALS

You might think it's as simple as taking the oxygen away
from the NOy and giving it to the CO. Stated simply, that is what
happens in some three-way catalytic converters,

The catalytic material in the converter helps these chemical
reactions take place. In order for reduction (taking away oxygen
from NO,) to match oxidation (adding oxygen to CO and HOC),
the proportion of the gases in the engine exhaust must be
controlled very closely; that means the intake air-fuel ratio must
always be in the narrow range near stoichiometric —lambda (A}
= 1, or an air-fuel ratio of 14,7 parts of air to one part of fuel. In
some three-way converters, oxygen is pumped in after the
reduction to further enhance oxidation,

Fig. 4-5 iilustrates the degree of emission control afforded
by a three-way catalyst on an engine running very near the
stoichiometric ratio. You can see that if the air-fuel strays from A
= 1, the proportion of exhaust gases (HC, CO, & NO,) exiting
the converter changes. As the air-fuel ratio becomes leaner,
hotter combustion temperature causes increased production
of NOy. A rich mixture will produce an excess of HC and CO.

Talfpipe exhaust
(after J-way converter)
Control limit
of fuel injedN —
Ve - - —
Ay
\ 7 NGy
\
\ /
\ |
\ 1
\ !
\
N !
\
. !
\ !
\ '
\ [
\ !
hY i
%
. . P
— — :---.—.-:..—-—.:CO
=y L T HC
0.90 095 1 1.05 1.10 Lambda
13.2 14 14.7 155 16.2 Air-fuel ratio

Fig. 45. Three-way catalytic converer treats three exhaust
gases. MC and CO are oxidized, NO, is reduced so
tzilpipe gases meet emission limits, Engine can be
tuned to stoichicmetric air-fuel rafio for betler drive-
ability and economy. Compare with untreated ex-
haust (Fig. 4-3 above).

When the airfuel ratio is maintained at A = 1, the ideal
air-fuel ratio, the emission of all three poliutants is reduced to
very low levels. Precise control, however, is very important to
the successful operation of three-way converters. Any signifi-

Emission Contro!

cant deviation from A = 1 upsets the balance of the chemical
reactions in the converter and the level of one or more polut-
ants increases dramatically, Development of three-way catalytic
converters has been accompanied by devefopment of more
sophisticated systems for the fine control of air-fuei ratio.

5. CONTROL SYSTEMS

By now, you are aware that control plays an overwhelmingly
important part in maintaining the acceptable balance of power,
fuel economny, emission control, and driveability. The modern
fuel-injection system, by responding to measured inputs and
precisely metering the appropriate amount of fuel for the con-
ditions, offers unparalieled control,

Fuel injection's basic control systems are one-way or “'open-
loop” controls. They take the information about operating con-
ditions received from various sensors, and then use that infor-
rmation to determine —either by mechanical means or using
pre-programmed electronics — exactly how much fuel it should
dispense to achieve the desired air-fuel mixture. Accuracy of
the fuel metering and the resuttant air-fuet mixture depends
entirely on how well the system — whatever type it may be —can
predict the engine's needs based on its “knowledge” of oper-
ating conditions.

A major advance in fuel-injection control systems has been
the advent of “ciosed-loop” controls —systems which not only
try to predict the engine's needs based on operating condi-
tions, but also measure the results of their fuel metering, using
that information as an input to achieve ever more precise
control,

5.1 Closed-loop Contro! Systems

In a closed-loop or feedback control system, information
about whatever is being controlled is continuously fed back to
the system as an input. The operation of a thermostat in an
automatic heating system is an example of closed-loop control.
As the temperature fails, the thermostat senses lower temper-
ature and signals the furnace to add heat. As soon as the
temperature rises above the setting, the thermostat senses the
results of its own control action—heat produced by the fur-
nace—and signals the furnace to cut back the heat,

An open-loop system may, for example, sense low temper-
ature and simply turn on the heat for a predetermined amount
of time; however, the closed-loop control is automatic, temper-
ature stays relatively constant, and energy consumption s
probably reduced. All in all, the resutt is better, more precise
control,

l.ambda Sensor

As you saw above in Fig. 4-5, the three-way catalytic con-
verter operates best when the air-fuel ratio is near stoichiomet-
ric, when lambda (the excess air factor) is within a very narrow
range around A = 1. Fuel-injection systems, while very good at
controlling the air-fuel ratio, cannot hold the air-fuel mixture
within the required range. The necessary precision requires the
additional feedback available from a closed-loop control sys-
tern,
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The source of this feedback is a lambda sensor (also calted
an exhaust-gas sensor, or oxygen sensor), installed in the
exhaust system. The sensor generates a low-voltage signal;
the signal's strength is based on the amount of unused oxygen
remaining in the exhaust strearm — an indirect measurement of
the air-fuel ratic. The lambda sensor signal provides feedback
to the fuel-injection ECU, indicating by actuat resuilts whether
the air-fuel ratio needs to be corrected. The system can then
adjust its fuel metering so that A = 1, and the exhaust remains
as clean as possible.

Fig. 5-1. Lambda sensor, usually installed in exhaust mani-
fold, is about the size of a spark plug. Mounting
location near engine is required 1o maintain proper
sensor temperature.

Because of tightening exhaust emissions regutations and
“the need for three-way catalysts, you'll find a lambda sensor on
virtually every car made since 1981, domestic or import, fuel-
injected or carbureted. For more information on the lambda
sensor and its closed-loop control, see chapter 3.

Changing Engine Conditions

_ You can see that closed-ioop lambda sensor system pro-
vides automatic control of air-fuel ratio, continuously adjusting
the amount of fuel injected in response to the amount of
Oxygen in the exhaust. The lambda sensor system can also
a_d_gust fuel metering to compensate for changing engine con-
ditions over time. If general wear or a leaking valve causes a

change in combustion, the feedback system can compensate
within its limits and still provide the best possible air-fue! mix-
ture. It has been described as the equivalent of having a skilled
technician riding under the hood, continually tuning the mixture
for the best operation under the current conditions.

The ability to finely adjust fue! metering to match conditions
is what makes lambda control so important, but lambda-sensor
closed-loop contral is fimited to small adjustments within its
range of operation. It is often referred to as fine-tuning; in fact,
as you'll see in chapters 4 and 6, one of the measures of
properly set mixture control is consistent output of CO—~the
same whether the lambda sensor is working closed-loop, or
whether its circuit is disconnected and running open-loop. This
means that the basic mixture adjustment is correct and the
lambda sensor is operating in the center of its range of adjust-
ment, giving it maximum possible correction range.

Control Systems
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1. GENERAL DESCRIPTION

You'll find a number of different Bosch fuel-injection systems
which are all based on electronically-timed, pulsed injection.
See Table a on the next page. These systems are sometimes
referred to by the term EFI (Electronic Fuel Injection), or AFC
(Air-Flow Controlled) injection. The pulsed systems I'll discuss
in this chapter include:

e | -Jetronic e | H-Motronic
e | U-Jetronic e D-Jetronic
® | H-Jetronic & Digifant It

& Motronic

| use the term “"pulsed"” instead of “electronic” to describe
this branch of the Bosch farnily tree because, since 1980 the
other branch, the continuous injection systems, also use some
electronic controls to adjust fuel metering.

This chapter begins with a general description of the main
components and operating principles of all Bosch pulsed in-
jection systems. It then describes pulsed systemns in detail,
starting with L-Jetronic, For more basic information on fuel
injecticn, see chapter 1 and chapter 2. To determine what
system is installed on your car, see 1.2 Applications, and the
detailed applications table at the end of chapter 1.

1.1 Pulsed Injection Systems

Al of the systems in this chapter are pulsed injection sys-
tems. They meter fuel to the engine by electronically contralling
the amount of time that the fuel injectors are open. In contrast
to the continuous systems where the injectors are open and
flow fuel from the moment the engine starts, pulsed injectors
open and close in time with the engine to deliver the fuel. The
main components of pulsed systems are the air-flow meter, the
electronic control unit, and the fuel injectors, See Fig. 1-1.

PULSED INJECTION — THEORY 3

In pulsed injection, all air entering the engine first flows
through an air-fiow meter. The air-flow meter measures this air,
which indicates engine load, and converts that measurement
info an electrical signal to the control unit, The control unit uses
the air flow and engine rpm inputs to compute the amount of
fuet necessary to give a good air-fuel mixture, and then elec-
trically opens the injectors at each cyilinder intake port to inject
the appropriate amount of fuel into the intake air stream. The
controf uriit times the injections to the rotation of the crankshaft.
The main fuel pump supplies fuel under pressure to the
injectors.

Fig. 1-2. Motronic pulsed injection system on Porsche 944,
Note air-flow sensor (1) and fus! injectors (2), Com-
ponents may differ depending on system.

Bosch pulsed systems also use many additional sensors
that monitor engine operating conditions. The control unit mon-
itors the signals from these sensors and increases or de-
creases injector apening time —increasing or decreasing the
amount of fuel delivered —to give the best air-fuel mixture for
the various conditions.

fuel from fuet pump

e

Fuel
injector

Throttle

Centrol-unit circuit
to open injector

Other
Sensors

rmanifold .
Air-flow

meter

Distributor

Control
unit

s
Air-flow volume
signat

Flg. 1-1. Schematic of pulsed injection operation. Air-flow
meter measures air entering engine. Control unit
compules propertional ameunt of fuel required and

P VT S A R
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Table a. Bosch Pulsed Fuel Injection Systems

Name First Measure Fuel Computer Lambda
used load pressure fno. of pins
D-Jet 1967 VW 311 manitold pressure 2.0 bar analog/25 no
pressure (29 psi}

L 1-Jet 1974 Porsche 914 air flow 2.5-3.0 bar analog/35 some
(36-43.5 psi)

tH 1-det 1982 Volvo air mass 2.5-3.0 par digital/35 al
(36-43.5 psi)

Metr.ML.1 1982 BMW 528e air flow 2.8-3.0 bar digitai/35 all
{36—43.5 psi)

LU-Jet 1982 BMW 318i air flow 2.5-3.0 bar analog/25 all
(36—43.5 psi)

LH 2-Jet 1384 Volvo air mass 2.5-3.0 bar digital/25 all
(36—43.5 psi)

Motr. ML.3 1984 BMW/Parsche air flow or air mass 2.5-3.0 bar digital/35 all
(36—43.5 psi)

LH-Motr. 1988 BMW air mass 2.5-3.0 bar digital/35 all
{36-43.5 psi)

1.2 Applications Identifying Features

Bosch L-Jetronic systems are installed in many makes of
cars sold in the U.S., beginning in 1974. Considering licensed
versions, L-Jetronic has the largest world-wide instatied base of
any port-type injection system. The Bosch pulsed systems are
developments of L-Jetronic, except D-Jetronic. Thatleads to an
interesting name confusion. To contrast with the original D-
Jetronic, a pressure-controfied system, l.-Jetronic was de-
scribad as AFC for Air Flow Control. As it turns out, ail Jetronic
systems that followed D-Jetronic are air-flow or air-mass con-
trolied, inciuding the continuous systems.

A guick way to recognize L-Jetronic systems is by the
curved housing of the air-flow sensor as shown in Fig. 2-1. Note
that's also found on most Motronic systems.

The term “Motronic” originally {in 1979) meant a single
contrel unit controlling L-Jetronic fuel injection and ignition
timing. Nowadays, there is more than one type of Bosch
Motronic system controfling fuel injection and ignition timing
{LH-Motronic, KE-Motronic), so tollowing Bosch nomenclature,
Fil use Motronic to mean the original definition: L-Jetronic fuel
injection and ignition-timing control. Why do | tell you all this? To
help steer you through the various names that auto manufac-
turers and service people have attached to Bosch systems for
20+ years.

Fig. 2-1. Curved housing of air-fliow sensor identlies L-
Jetronic. also most Matronic.

Depending on its mounting in the engine compartment, you

2. L-JETRONIC

In the broad terms I've discussed, L-Jetronic is a fuel-
injection system, not an engine-management system. While
most L-Jetronic cars have electronic ignition, they do not have
electronic management of ignition timing. In most cases, the
control unit will affect only the injection pulse-time. Ignition
timing will be controlled traditionally — advanced or retarded by
fly weights and vacuum diaphragms at the distributor,
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may also see the waffle grid of the curved housing. That design
saves weight while maintaining a rigid fiat surface inside for
vane contact.

L-Jetronic systems seem to require more parts than the
famitiar carbureted fuel systerns, yet several of these are also
required by modern feedback-carburetor systems. See Fig. 2-3
for a diagram of the system components,



Fig. 2-2. Waffle grid of air-flow sensor maintaing a rigid inside
surface.

Fuel tank
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Pulsed systems are completely etectronically controlled.
Sensors supply information to the central control unit which
then operates the port injectars. In the simplest terms, the
airflow system measures the air intake; the fuel system deliv-
ers clean, pressurized fuel to the injectors; the control system
adjusts the amount of fuel needed for the various cperating
conditions and electrically opens the fuel injectors to deliver the
tuel corresponding to air intake. In addition, somewhat sepa-
rate from the controt systern, is the electrical system. Beginning
about%QBO{eamerk1CaMonﬂw,L&ﬂbdaconvolwasaddedto
the system. To see how they work together, I'll lock at how
these parts and systems meet the engine needs discussed in
chapters 1 and 2,

-

Controt

Huml

Fuel rail

Fuel pump

Fue! filter

! | 1 Fuel I
i i I{ pressure

regulator

Fuet
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Engine temperature
sensor

RPM
signal

| Cold-start
| injector

g ldle
sCrew,

4

Alr temperature
sensof

Auxiliary air
regulator

Fig. 2-3. L-Jetronic system diagram. Lrl-Jetronic is similar,
except it has air-mass sensor instead of air-flow

$ensor.

L-Jetronic
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Basic Flow Rate

The design of pulsed fuel injection is based on achieving the

ideal air-fuel ratio for normal cruise at part throttle, with a warm

engine. The pulse time of the injectors that satisfies the fuel
requirements for this condition is known as the Basic Flow
Rate. Two engine conditions determine the basic flow rate: load
and speed. In measuring the volume of the air passing through
the intake manifold inte the engine, the air-flow sensor provides
a measure of engine load. Engine speed is measured as in a
tachometer, by counting the ignition pulses in the primary
circuit. From the basic flow rate, cormnpensation times can be
added or subtracted for other operating conditions.

2.1 Air-Flow System

The air-flow systern measures the amount of air being
drawn into the engine (engine load), and sends a voltage signal
to the control unit based on that measurement. The air-flow
system also regulates idie speed and idie mixture.

Air-Fiow Sensor

The L-Jetronic air-flow sensor is a vane-type, so called
because its internat vane deflects, or moves, as air is drawn into
the engine. The sensor measures the air flow controlled by the
regular throttle valve; the sensor does not regutate the air flow.
The air vane (also calied an air flap) is lightly spring-loaded, and
pivats by the force of the air flow as the throttle opens to admit
more air. See Fig. 2-4,

Control unit

Air-flow
$ensor

Throttie

=

Air filter

Fig. 2-4. Air-low sensor air flap measures inlake air: throttle
controls intake air.

Air-Flow Sensor Design and Operation

it you could remove the waffle-grid cover of the air-flow
seénsor, you would see the air vane and the damper flap. See
Fig. 2-5. The air vane is pushed by the incoming air. In the
curved portion of the housing, and mounted on the same shaft
as the air vane, the damper flap operates to dampen, or
cushion the movement of the air vane by pressing against the
air in the chamber. It reduces flutter caused by manifold pres-

sure variations from the opening and closing of the intake
valves.

L-Jetronic

r—-Damping chamber

Ar vane

Fig. 2-5. Backfires and pulsations cancel oul as opposite
forces on the air vane

Notice the damper flap is the same area as the air-flow vane,
and is at right angles to it. This is a clever design: any puise of
increased pressure that rotates the air vane also rotates the
damper flap the other way, cancelling the effect of the pressure
change. Buring sudden throttie openings, the air-vane assem-
bly will rotate clockwise rapidly, but its final movement will be
cushioned by the damper flap as & squeezes the air in the
damping chamber. Bosch tests show the air pressure drop at
the sensor is only 0.12 kPa (0.017 psi). That's a fraction of a
percent of the atmospheric pressure that forces air into the air
system.

The shape of the housing surface opposite the end of the air
vane is caiculated so the relation between the air passing
through and the angle of the flap is logarithmic. That is, a
doubling of the air vane angle indicates that air flow F
increased 10 times, That means that the most sensitive mea-
surements are at low air flows; at low speeds, measurements
are more critical. Maximum air flow is 30 times the minimum.

A moving electricai contact called a wiper is mounted on the
same shaft as the air vane. As the vane rotates, the wiper also
rotates, crossing a series of resistors and conducior straps on
a ceramic base, increasing resistance. See Fig. 2-6. On L-
Jetronic air-flow sensors, the resistors oppaose current flow from
a fixed-voltage input from the control unit. As a result, the more
air passing through, the less the voltage signal to the control
unit. The control unit is designed to interpret such inverse
signals, s0 the more air there is, the longer the injection pulses
are.

In addition to the measured air signalled by the air vane,
additional unmeasured air is admitted through a bypass chan-
nel to change the idle air-fuel ratio (mixture), as shown in Fig.
2-7. When you turn the bypass screw clockwise, that de-
creases the amount of unmeasured air. Because the amount of
fuel injected is unchanged, decreased air passing into the
manifold (for a given vane position) enriches the mixture. Turn
the screw counterclockwise to lean the mixture.




Air-vane
return spring
Wiper—\
S——Wiper track
O
L ‘ﬁw
i B161INT.BCH

Fig. 2-6. Under the air-fliow sensor cover, you can see how
the wiper is rotated on the wiper track.

Bypass screw:

Flg. 2-7. idie-mixture (bypass) adjusting screw changes by-
pass of unmeasured air.

Advantages of Sensor Design

What are the advantages of such an air-flow sensor? it
provides a direct measurement of the air intake by the engine.
By measuring air flow, it tends to compensate for changes to
the engine during its service life, such as changes caused by
W?af. combustion charmber deposits, or valve settings. It per-
mits Exhaust Gas Recirculation (EGR) for emission control
without disturbing the measurement of fresh air and the related
fuel to be burned with it. In addition, aging of components and
Vafylng_ temperatures have no effect on accuracy because of
the resistors in the measurement circut.

PULSED INJECTION —THEORY 7

Limitations of Sensor Design

What are its Hmitations? First, vacuum leaks can be caused
by any loose clamp or gasket, or by any slitin the flexible intake
boot or vacuum hoses. The air-flow sensor is usually mounted
some distance from the intake valves rather than directly onthe
engine manifold. Any air that enters the intake system between
the sensor and the valves is unmeasured air, so-called “false
air". Therefore the engine gets no fuel to match that air. The
result can be lean mixtures that can cause hard starting, rough
idle, fow CO, and stumbling; it adds up to poor driveability.
Later, in chapter 4, you'll see how to check Jetronics for false
air.

Second, the sensor vana measures volume of air intake, but
the engine bumns weight, or mass of air. Colder air is heavier
and requires more fuel than the same voiume of warm air. The
air temperature sensor corrects for this problem to some de-
gree, as you'll see in 2.3 Control Unit.

Third, in most cars {those without an anti-backfire valve in
the air vane) the vane can be damaged by backfires. The best
advice to help prevent this damage when starting the engineis
to keep your foot off the accelerator.

Fourth, the air-flow sensor costs more than the pressure
sensor, also widely used, particularly in U.S. fuel injection as a
measure of engine load. Bosch discarded the pressure sensor
in 1974. For more information see 5. D-Jetronic.

2.2 Fuel System

The fuel system, shown in: Fig. 2-8, defivers clean, pressur-
ized fuel to the injectors —usuatly about one gallon every 2
minutes. As In most newer cars, itis a re-circulating system; the
electric pump delivers more fuel than is needed even at max-
imum consumption, so most of the fuel is returned to the tank.
The fuel tank itself is usually pressurized at 7-14 kPa (1-2 psi),
controlled by a refief valve in the filler cap. Vapor lock is virtually
eliminated because:

# the fuel is cocled by constant recircuiation

e the fuel is pressurized, usually at about 2.5 bar (36 psi)

Fuel Pump

The fuel pump, shown in Fig. 2-8, is electrically-driven. Fuel
enters at tank pressure through the inlet and is pressurized by
the roller cells as shown in Fig. 2-10. The pressure limiter opens
and directs fuel back to the tank if fuel pressure in the lines
goes over a limit. High-pressure fuel is delivered through a
check valve, which cioses when the fuel pumgp stops to hold
pressure in the lines. Constantly-pressured fuel lines ensure
quicker restarts, and also help prevent vapor lock.

L-Jetronic
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L)
Fuei Fuel pressure
tank regulator t
! Fuel Fuel rail
fitter {distributor pipe)
Fuel —— 1
pump
Fuel injector Cold-start
injector
Fig. 2-8. Fuel circulates as pressure regulator at end of fuel
rail returns unused fuel 1o tank,
Raligr cells Motor
-I terminai
Fuel (M e e ' Fuel
infet . - outlel
E’rgssure [ Motor Check
lirniter——J armature valve
Fig. 2-9. Fuel pump and its electric motor operate sur-
rounded by fuel that cools motor.
Pump rotor
Fuel Fuel
inlet outlet

Roller Purmp housing

Fig. 2-10. Operation of roller-cell pump. Rotor disc is
mounted eccentrically in pump housing, When
roior tums, the rollers are pressed outwards by
centrifugal force, and act as a circuiating seal.
Fuel pressure builds as roffers and disc move fuel
through narrowing passages (o outlet.

L-Jetronic

The electric motor actually operates in the fuel in the pump
housing. The thought of an electric motor running in gasoline
may seem dangerous, but it is safe because the housing never
contains an ignitable mixture. There are those who, fearing a
burnable mixture, say “never run out of gas with a fuel-injected
car,” but thirty years of electric pump experience shows they
just don't catch fire that way. On the cantrary, the gasoline is
important —it cocls the pump. So if you do run out of gas, just
don’t crank a long time or you may ruin the pump.

Bosch systems locate the fuel pump next to the fuel tank.
This pressurizes the maximum length of the fuel lines to reduce
vapor lock. Some cars place the pump inside the tank, or
provide a low-pressure electric supply pump in the tank to
deliver pressurized fuel to the main electric pump. Electric fur”
pumps require relays and safety circuits to ensure that the
pumps stop when the engine stops. For more information see
2.4 Electrical Circuits.

Fuel Filter

In most fuel-injected cars, the fuel filter is located next to the
fuel pump. It is much larger than the usua! carburetor fuel fitter
because clean fuet is so important to fuel-injection systems.
It is also finer. The paper fiter, shown in Fig. 2-11, has a
medium pore size of 10 micrometers. It is backed by a strainer
that catches any loose particles, and is supported by a piate.
The filter is replaced as a complete unit, not as an insert.
Vehicle specifications usually call for 30,000-80,000 km
(20,000-50,000 mi). When you repiace it, observe the
direction-of-flow arrows on the fitter housing. Some late-modet
cars use fuel filters that need no replacement unless
contaminated.

Paper filter— Strainer

Support plate

Fig. 2-11. Cut-away o typical fus! fitter. Filter is large and fing
pore size of 10 micromelers.

Fuel Rail

The fuel rail {also known as the distributor pipe) serves two
purposes. The firstis to deliver fuel to the injectors. The secqnd
is to stabilize fuel pressure at the injectors. You can imagine




how the pressures change rapidly in the fuel rail as the injectors
pop open and closed. This can affect the amount of fuel
injected. But the larger the pipe, the more fuel it stores and the
steadier the pressure at the injectors.

On later engines, the fuel rail is larger, a sguare box, as
shown in Fig. 2-12. In the jarge rail, fuel pressure is more stable
at the injectors. On earlier engines, the distributor pipe looks
like a typical fuel fine, a round pipe leading to all the injectors.
In the smaller pipes, with small volume, pressure tends to
fluctuate each time the injectors open.

Fuel pressure regulator

Fuei rail
o (distributor pipe)_.\

13
¥ 5

injeclors

<

Fig. 2-12. Large fuel rail reduces pulsalions as injectors
open and close

Pressure Regulator

Refative fuel pressure in the fuel system is held constant by
the pressure regulator, usually mounted on the fuel rail. As
shown in Fig. 2-13, spring pressure normally keeps the regu-
latar valve closed. When the fuel pumg turns on, fuel pressure
presses on the diaphragm to compress the spring and open
*“a valve, returning excess fuel to the tank. The higher the
. #ssure, the more the diaphragm moves away from the return
Pipe, increasing the volume of the chamber, maintaining the
desired presswre. Most systems operate on 2.5 bar (36 psi)
Qauge pressure, but sorme higher-powered engines use 3 bar
(44 psi) for greater fuel delivery per millisecond.

Return to
fuel tank Q
:;l;e: Fuet
e . infet
Valve ;
e DB PRFRGMN
- Spring
)&——Comediom to
—— intake manifold

Fig. 213, Pressure regulator controls system pressure, Lsu-
ally 2.5 bar {36 psi) above manifold pressure,
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Relative Fuel Pressure and Fuel Delivery

For each millisecond of injector pulse time, the amount of
fuel delivered through the injector tip depends on the size of the
injector opening; that's a fixed factor. But fuel delivery also
depends on the relative pressure —the difference between fuel
pressure pushing the fuel cut into the manifold, and manifold
absolute pressure pushing back, as shown in Fig. 2-14,

As you know, manifoid pressure changes with throttle open-
ing. If the fuel pressure were constant for all manifold pres-
sures, then at fow engine loads, with the throttle partly ciosed,
reduced manifold absolute pressure would increase fuel deliv-
ery. To keep that relative pressure constant as the throttie is
opened and ciosed, the fuel-pressure reguiator is connected to
the intake manifold by a vacuum hose. Manifold pressure acts
on the diaphragm to hold the relative pressure constant.

When thinking about fuel pressure, remember that
the ordinary fuel-pressure gauge measures relative .-

. pressure—the amount that fuel pressure is greater
than barometric pressure (14.5 psi). But barormetric *»
pressure is measured from an absolute zero pres- Rt
sure, 50 2.5 bar (36 psi) gauge pressure actually -
means 2.5 bar greater than 1 bar of barometric pres-
sure, or 3.5 bar {51 psi) absolute, measured from an -,
absolute zero. When the gauge is not connected, it .
reads zero: zero here means the difference between
the open connection and barometric pressure.

pressure

Fig. 2-14. Precise delivery depends on consiant reialive
prassure, that is, difference between fugl pressure
and manifold pressure.

For example, with the engine off, manifold pressure is the
same as barometric pressure. If you measure fuel pressure
with the pump running and the engine off, the regulator con-
trols fuel pressure balancing the forces: fuel pressure on one
side of the diaphragm balanced against spring force plus the
force of barometric pressure in the manifoid. The gauge then
reads 2.5 bar, 2.5 bar (36 psi) more than atmospheric. At
wide-open throttle (WOT), manifold pressure is close to baro-
metric, so again, the fuel-pressure gauge reads about 2.5 bar.
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At idle, absolute pressure in the manifold is about 0.3 bar
(0.7 bar less than barometric) —old-timers would say 20
inches vacuum”. Now the manifold absolute-pressure pushing
the pressure-regulator diaphragm is only 0.3 bar instead of 1
bar. The reduced manifold pressure on the diaphragm allows
it to move away from the opening, returning more fuel to the
tank, and dropping the gauge fuel pressure in the distributor
pipe to about 1.8 bar (2.8 absoiute). The relative pressure at the
injector tip is still 2.5 bar (2.8 minus 0.3 absolute). That's why
fuel delivery per injection is not affected by changes in the
manifold absolute pressure. When you understand this princi-
ple of fuel delivery, you'll understand the checking of fuel
pressures. You'll also understand how greater delivery for off-
road and performance operation may be increased by increas-
ing fuel pressures.

Fuel Injectors

The port injectors (located at the intake ports next to the
intake valve} are solenoid valves. Each injector is opened by an
electrical signal from the control unit, and closed by spring
force when that signal stops. See Fig. 2-15, When current is
sent through the connection to the winding, electromagnatic
force lifts the solenoid, and fuel is delivered. The lift is about
0.15 mm (0.006 in), and takes about 1 milisecond. When the
needle valve is closed by the spring, no fuel flows. The pintle on
the tip of the needle valve helps to atomize and distribute the
fuel.

Filter

Connection 1o
control unit

Magnetic
winding

Solengid

Needle
valve

Pintle

Fig. 2-15, Injectors seal to tuef rait and to manifold by O-
rings.

Interestingly, the injectors are electrically-hot all the time the
key is ON and the relay combination is closed. For fuel delivery,
they are grounded in the final stage of the control unit. In early
L-Jetronics (until about 1978} each injector circuit includes a
resistor to limit the current flow. In these circuits, the initial
current-flow must be great enough to rapidly open the sole-
noid/ineedle valve, and then flatten out when only a holding
current is needed. Since about 1979, L-Jetronics reguiate the
current in the control-unit final stage, and se do not need
separate series resistors. The resistance is built into the injector
itself, using a solenoid winding of brass (higher resistance than
the previously-used copper winding). This also requires less
power than the series-resistor type.

-L-Jetronic

The injectors are held in the intake manifold with O-rings that
tend to insulate the injectors from engine heat and vibration. If
the O-rings crack, false air enters, Jeans the mixture and in-
creases jdle rpm. in most engines, the injectors are connected
directly to the fuel rail with safety ciips. In other engines, they
are connected to the rail with fuel lines.

Fuel Metering and Pulse Time

In pulsed injection, the metering of fuel takes place at the tip
of the injector as the fuel flows past the pintie. The [ift of the
needle valve from its seat is always the same distance, so
assuming that fuel pressure is reguiated as described above,
the amount of fuel injected into the engine depends solely on
the amount of time the control unit applies voltage to ope @
injector.

This injector opening time is known as the Pulse Time, and
it can vary anywhere from 2 millisecends to as much as 15
milliseconds or more. The injector takes about 1 mitlisecond to
open, which is counted in the injection time. The closing time
is not counted, but it averages out; pulse time is the effective
injector open/defivery time.

i, when the cantrol unit grounds the circuit, you measured
voltage at the injectors on an oscilloscope, it would lock some-
thing like Fig. 2-16. Remember that the injectors are always hot,
and are grounded in the control unit. Note that when reading
pulse time on a scope, it can be referred to as pulse width —the
actual width of the puise-time voltage on the screen,

Pulse time or pulse width
(in milliseconds)
I — Approx. 4 volts
i I {injeCtor
i i closed)
! : 0 volts
\ | {grounded al contro!
: | unit - injector open)
Pulse period
{in degrees of
crankshaft rotation) B174INT.BCH

Fig. 2-18. Fusl-injector voltage over time, shawing difference
between pulse time and pulse period. Voltage
supply atinjectors is always approximately 4 volts.
Osciloscope shows change in circull as il 18
grounded in control unit.

Various operating factors determine pulse time as you'll se€
below, but there is one other basic factor — called Pulse Period.
This is the total time from one opening of an injector to the next
apening of the same injector. Normal pulse period for the
pulsed systems covered by this book is twice per 4-stroke
cycle, or once per crankshaft revolution. Half of the totf'sll
amount of fuel needed for one firing of a cylinder is injected in
each injection. fthe pulse period were once per 4-stroke cycle,




then putse time would increase so that all of the fuel was
injected at once.

To see the relationship between pulse pericd and pulse
time, let's take a typical engine that idles at 600 rpm and has a
maximum rpm fimit of 6000 rpm. Dividing each of those revs/
minute by 60 seconds, we can say the engine idles at 10
revsfsecond, and runs max at 100 revs/second. Fig, 2-17
shows puise period and pulse time for this engine. Each circle
represents 100 milliseconds (ms) of time.

Q

Fuel delivery

10

injector closed {pulse time}
80 20
IDILE 20 30

60 " 40

50
Al idle, the crankshaft rotates once in eth of a second,
or 100 ms. That's the pulse period. The injectors open once
per revolution, for a pulse time of 5 ms.

Fuel delivery
{putse time}

80 20

Injector closed

MiD

RPM 70

At mid-rpm, say 3000, the crankshaft rotates in a 20 ms pulse
pericd. Full-load delivery for maximum torgue at wide-open
throttle requires longer injection times than at maximum rpm
since al mid-rpm the engine takes in more air per stroke. But
& pulse time of 15 ms sasily fits into the 20 ms pulse period.

Fuel delivery
(pulse time)

50
At maximum rpm, the crankshaft rotates once in Yoot of a
second. Pulge peried is now 10 ms; in 100 ms the crankshaft
olales 10 times, and the injectors open ten times. If the
Pulse time is § ms, the injectors barely have time to close
Defore they open again,

Flg. 2-17. Relation between pulse period and pulse time.
Each circle represents 100 miliseconds (Vie sec).
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it's important to remember the inputs that control the basic
injection pulse time: air-flow volume and rpm. Fig. 2-18 shows
that full-throttie injection time varies from about § milliseconds
to 9 mifliseconds, and that injection time foliows the torgue
curve.

Torque Injection
tirne
- 300 8.0
Injection ti -
niection me— 7\ 7.8
— 280 1OMQUE 7.6

/
- 260 .

— 240 J 7 5 .‘:_“l' ad

- 220

~ 200 -
| | | WA
1000 2000 3000 4000 3ifi_OO*O

Engine rpm

|
- - 1
© 6000

B%INT.BCH
T :

Fig. 2-18. Typical pulse time in milliseconds for full-load
malches torque curve.

2.3 Control Unit

The control unit is sometimes called the “brain” of the
control system. It receives input of signals from various sen-
sors, processes those signals, computes the pulse-time for the
injectors, and completes the circuits in a series of pulses to
deliver the required fuel.

The control unit is & complicated piece of electronic equip-
ment. If you open it—and that is not recommended — you'li find
it full of transistors, integrated circuits, and printed circuit
boards, as shown in Fig. 2-19. The heart of the control unitis a
microprocessor chip, about the size of a thumbnail as shown in
Fig. 2-20.

In most cases, the control unit is sensitive to heat and
vibration, so itis usually located in the passenger compartment
away from the engine. A common location is the kick panel to
the right of the passenger's feet. You may also find it behind the
glove box, under the passenger seat, or in the fresh air com-
partment under the hood.

L-Jetronic .



12 PULSED INJECTION — THEORY

Fig. 2-19. Control unit does the dala processing for fuel-
injechon managerneant

¥ a W

KOt Oi% O3 4

¥

Fig. 2-20. The chip 1s the heart of the control unit. This
ntegrated circut 1s about the size of & thumbnail.

Modern control units are protected from EMI (Electro-
Magnetic Interference) — stray radio frequency sig-
nais that can scramble the control-unit brain. I've
heard a story about early puised systems, before
proper shielding was provided: A driver in a Volkswa- .
gen Beefle, running on the freeway beside an 18-
wheeler, called the truck on his CB radio. When the
18-wheeler answered, using CB power boosted way
over the legatl limits, the CB signal shut down the VW .
engine. Story, remember,

L8550 127
A

Fig. 2-21. Jetronic car is tested under lransmitter antenna to
check EMI shiglding. :

L-Jetronic

Control Unit Inputs and Outputs

Fig. 2-22 is a block diagram showing the basic processing
functions of the control unit for the inputs it receives. The rpm
signal from the ignition circuit enters the control unit through a
shaper and a divider. As shown in Fig. 2-23, from each ignition
pulse, the pulse shaper generates a rectangular puise {voltage
on/voltage off), 4 per each 4-stroke cycle. This is divided by two
to provide one injection pulse per crankshaft revolution; for a
B-cylinder engine, it is divided by 3.

Engine speed (pmy [ Load range (theottle swich)

% BCOETE BT R H r
Shaper L Final i
Divider | “ooif 0 o) stage —

. EPET Lo { }
‘Va-n .-‘ e ; 1 T'a ) Fugl

* [Civision ’ injectors

~“loontrol o] Multiplying stage

L fmuttivibrator| § R

Engine foad Engine l Vehicle Cr::;i;

air flow temperalure | vollage E

( ) Basic flow Air 9 (lambda

rate temperature SENSor)

Fig. 2-22. |n control unit, basic flow rate is cormpensated for
variables including engine temperature, ar tem-
perature, vehicle voltage.

In the division-control multivibrator, the output of the shaper
(rom divided by two) is combined with the load-signal input
from the airflow sensor, resulting in a basic-pulse time. This
corresponds to the basic-flow rate, the quantity of fuel to be
injected for each injector opening.

The multiplying stage processes the compensation inputs,
such as those from the two temperature sensors, engine tem-
perature and air temperature; from the throttle-switch, closed or
fut-apen signals. In later cars, generally those since 1980, it
alsc processes inputs from the lambda sensor. The control unit
calculates compensation factors, applying them to the basic
pulse-time. n most cases, this will enrich the mixture: when the
engine is cold, the injection pulse-time may be two to three
times the basic-pulse time.

Compensation for battery voitage is also necessary. This is
because battery voltage may vary from 14 volts while the
alternator is charging, to 10 voits or less during cold cranking.
The lower the battery voltage, the less power to the injector
solencids, and the less fuel injected, perhaps during a cold
start when the engine needs it most,

In a 4-cylinder system, the final stage grounds 4 injectors at
the same time. Control units for 8-cylinder engines may have
two final stages, but they cperate together, firing all injectors
simultaneously. With two injections per four-stroke cycle, gach
delivery is half of the total required.
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Q° (crankshaft)

y 1 2 ] 2
ignition sequence of the 4
cylindars and opening times 3
of the intake valves 2 R 7

Ignition detivers trigger pulses \_\ \__‘

Pulse shaper generates reclanguiar

pulses from these trigger pulses

Frequency divider halves the pulse
equence in order to provide liggering

pulses for the injection valves

Dimsion control multivibrator generates
the basic injection time tp

Mulliplying slage processes the
correction quantities and adaptation |n £y, eete]
quanlities im correction fime
ts vollage correction time

Final stage defivers amplified

vollage pulses I for the g

injection valves .
=t it

Fig. 2-23. Each basic injection pulse-time is compensated
and corrected.

Although # may seem as if the gontrol unit passively re-
Ceives inputs from the sensors, in some cases its role is an
active one, as shown in Fig, 2-24. For example: voltage output
from the control unit {terminat 5) is fed to the engine temper-
ature sensor. The sensor reduces the flow of curent back to
the control unit terminal 13} which the control unit measures.
The colder the engine, the more resistance, and the less
current back to the control untt. In the same manner, a voltage
Signal is sent to the air-flow wiper track, and the return signat is
Measured. Note that the cold-start injector, thermo-time switch,

3”3 auxitiary-air device operate independently of the control
nd.

. agg?M Signal. Engine rpm, to help determine the basic flow
+ 15 0ne of the most important inputs to the control unit,
esfs:h pU|Sed_ systerns are synchronized, that is, injector pulses
< ﬁi”Chr_onlzed with crankshaft rotation. Alf L-Jetronic injec-
ion eAt;""'Ce per 4-stroke cycle, or once per crankshaﬁ revo-
'Uepeﬁds YOUu saw earlier, the total amount of fueE. delivered
o on f}o-w many injections there are per minute, and
Ng the injectors are open for each injection.

ar

In the control unit, air measurements alone could determine
the amount of fuel required for the ideal air-fusi ratio. But, as
you'ti see, injector opening-times are computed for many con-
ditions and air-fuel ratios, some of which depend on engine
rpm. So engine rpm is one factor in determining the basic flow
rate.

S ot - - .
$ 13 1 8 7 4 2 0 520 6% 4710 M 214) M N

Fig. 2-24. Example of control-unit connections for L-Jetronic
system with reguiated final stage and no resistors.
For component identification, se¢ Table b below.

VI oY TP ey
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The L-Jetronic rpm signal comes from the primary ignition
pulse, the current that turns the coil on and off. For most cars,
that is a signal from the negative terminal of the ignition coil,

The ignition circuit sends four sigrals for each 720° of
crankshaft revolution {each 4-stroke cycig). In a 4-cylinder en-
gine, this means that the ignition circult closes every 180° of
crankshaft revolution (once for each distributor revolution). If
you look at Fig. 2-23, above, you'll see the ignition pulses for
the firing order at the top of the diagram, and the opening time
of the intake valves.

Analog/Digital

Early control units were analog-type; later are digital. You are
bound to run into these terms when troubleshoating, so it's
important to know the difference. Analog measures continu-
ously; an analog display changes in direct proportion to the
input, such as an ordinary odometer. If you've gone two-thirds
of a mile since it measured an even mile, the tenths digit will
read about two-thirds, On the other hand, digital measures in
steps. The digital clock shows exact steps, nothing in between
as shown in fig, 2-25. Each step can be extremely accurate,
and does not change with wear or aging factors.

R

Fig. 2-25. Analog measures conlinuously: digital measures
in steps, and each step is exacl.

The important point is: steps versus continuous change.
See Fig. 2-26. Analog accuracy is limited, as indicated by the
curved line measuring the signal of the straight line. But analog
measurement can be more accurate than digital measurement
that uses large steps. By increasing the number of steps, digital
accuracy is usually greater than analog.

Some inputs are analog; for example, consider the chang-
ing current flow from the resistor of the engine-ternperature
sensor. That analog signal must be changed in the control unit
by an analog-to-digital (A/D) converter. Some inputs are digital,
for example the rpm pulses from the ignition primary.

L-Jetronic
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Fig. 2-26. Analog accuracy 15 hmited by marny wanables,
chgital imitedd by number of steps

Some outputs are digital, as you'll see later. These are a
series of pulses sometimes described as percent dwell. Analog
outputs from digital control units are handled by digital-to-
analog (£/A) converters.

Control-Unit Connectors

Inputs and outputs of the control unit are generalty handled
by & multiple-connector plug, as shown in Fig. 2-27. Some
control units provide 35 pins for the connectors, while others,
with simplified circuitry, operate with 25-pin connectors. When
reading circuit diagrams or making tests at the control-unit
connector you'll need to understand the German abbreviations
that often identify the connector terminais. Table b lists the
common abbreviations and their English equivalents.

Fig. 2-27. Multiple-pin connector handies all Inpuis and oul-
puls 1o control urit ping,




Table b. Fuel-Injection Wiring Harness Terminal
Identification

Abbr, German Word

English Equivalent

TF TEMPERATURFUHLER Engine-temperature
sensor, NTC §l
T35 THERMOZEITSCHALTER Thermatime switch
K&V KALTSTARTVENTIL Start valve
EV EINSPRITZVENTIL Injector
LMM LUFTMENGENMESSER Alr-flow sensor
ZLS ZUZATZLUFTSCHREIBER Auxiliary-air
device
DKS DROSSELKLAPPENSCHALTER | Throttle-valve
switch
“P ELECTRISCHE Etectric fuel
KRAFTSTOFFPUMPE pump
RK RELAISKOMBINATION Retay combination
Zs ZUNDUNG, SPULEN Ignition coil
BA BATTERIE Battery
8T MEHRFACH-STECKER Muttiple-plug

to control unit

2.4 Electrical Circuits

in addition to the electronics of the control system, L-
Jetronic requires simple electrical circuits to power the control
unit, fuel pump, and other components.

Control Relay

When the ignition is on, current flows from the battery
through the ignition switch to a relay or combination-relay. This
relay then closes to power the controt unit. It also feeds the

“d-start injector and the auxiliary-air valve. Thus, do not re-
piace a control unit to “fix’’ these parts. See Fig. 2-28.

=N

Relay C{??"d
uni

i

won (]

Fig, 2-28, Systemn power flows through relay powered by
ignition switch.

Fuel-Pump Safety Circuit

The relgy also controls the fuel-pump safety circuit. The
Bug Position of the key starts the fuel pump during cranking.
fecaives PUMp will stop running in 1-2 seconds uniess it

& signal that the engine is tumning. This helps prevent
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fiooding, or a fire in the event of an accident. See Fig. 2-29. In
most L-Jetronics, the reiay receives the rpm signal from the
ignition circuit and shuts down the pump if the engine is not
turning fast enough: 4-cylinder engines, faster than 225 rpm;
6-cylinder engines, faster than 150 rpm. Early L-Jetronics (be-
fore 1978) do not use the rpm signal; instead, a safety switch
in the air-flow sensor closes when the air vane begins to open,

Relay Key
EXK=) . o)
Fuel pump Illli'o
C I
E _pr—
5 : Control
] unit
i
| e
| I
H
f
Distributor e —
rpm signal)
Air-flow
sensor
B202INT.BCH

Fig. 2-29. Pump safety circuil is usually centrolled by rpm
signal from primary ignition circuit; in early L-
Jetronics, control is by air-flow sensor switch.

Service technicians can bypass the safety circuit to run the
fuel pump without running the engine: on early cars by reach-
ing in to move the air vane with the ignition on; on fater cars by
jumping the rpm safety circuit either at the relay set or at the
air-flow sensor. For more information see chapter 5,

2.5 Operating Conditions

For all of the conditions under which the engine operates,
the control system computes the following:

® Main variables: engine load and speed for the basic flow
rate. Each basic flow rate can be madified, or compen-
sated based on inputs from sensors that signal changes in
operating conditions.

® Compensation variables: such as starting, cold operation,
and special ioad conditions, and

# Precision compensation: tweaking the other compensa-
tions for overrun or coasting, and mixture {lambda) control
for emission-reduction.

All compensations are added to, or subtracted from the
basic flow rate. So let’s look at each of the conditions and see
what sensors and signals affect L-Jetronic through the control
unit. We'll also see some auxiliaries that operate independently
of the control unit.

{-Jetronic
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Starting

As we've seen, depending on the temperatures, the engine
may need additional fuel, and also additional bypass air around
the closed throttle. How does L-Jetronic compensate for all the
different starting conditions? How does the system operate
without any setup by the driver, how can you simply turn the
key to start it?

These systems have no choke or fast idle cam to set. As the
car sits, the engine changes temperature due o changing
weather, or cooling after running. Its sensors signal the controt
unit about engine ternperature and other conditions that could
affect starting. Other components inject additional fuel or allow
additional air.

Engine Temperature Sensor. The mostimportant sensor is
the engine temperature sensor, shown in Fig. 2-30. It is a
semi-conductor resistor, also known as a thermistor. You may
find service instructions referring to it as NTC I, NTC stands for
Negative Temperature Coefficient, meaning the sensor’s resis-
tance goes down as the temperature goes up. This is the
opposite of most resistors; hence the term “negative.” See Fig.
2-31.

Electrical
connection

Housing

NTC resistor

Fig. 2-30. Engine temperature sensor is a solid-state rasis-
tor, sometimes called a thermistor. NTC means
Negative Temnperature Coefficient.

Suppose the engine is in the shop and has not run recenty,
say for several hours. In round numbers, the resistance at
ordinary indoor temperatures is about 3Kohms (3,000 ohms). If
the engine has run recently, long encugh to fully warm up,
resistance is only about 400 ohms. If the control unit applies a
fixed voltage to the NTC resistor, it will receive a smaller signal
back as input from a cold resistor with higher resistance than
from a warm one. From a cold input signal, the control unit will

compensate by adding to the basic pulse time as shown in Fig.
2-32.
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Fig. 2-31. NTC resistance is lower when engine 1s warm

Control
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Basic
puise

time B188INT. BCH

Fig. 2-32. Cold engine temperature sensor causes n-
creased puise time.

On water-cooled engines, look for the engine temperature
sensor, sometimes called NTC |I, to be mounted in the cooling
systern, usually in a fitting near the block, or in the thermostat
housing. See Fig. 2-33. Be careful not to confuse the engine
temperature sensor with the thermo-time switch or the coolant
temperature sender for the instrument-panel temperaturé

gauge.

The NTC sensor is quite simple: an electrical connector 6N
a housing, enclosing the thermistor. The first L-Jetronic came
on an air-cooled engine, so on those, you'll find NTC Il in @
cylinder barref or a head.

Air Temperature Sensor. With the air cleaner removed, you
can see the intake Air Temperature Sensor in the air-flow
sensor as shown in Fig. 2-34. Known as NTC |, this sensor also
has a negative-temperature coefficient. Remember, the control
unit sends a signal which is changed by the air ternperafur®
sensor.Cold air, weighing more, needs more fuel, s0 a8 cold-aIr



signal also adds fuel to the basic-pulse time. The air-fuel ratio
refates weight of air to weight of fuel. The combination input
signais of volume (from the air-flow sensor), corrected for
temperature, are the same as inputs of weight or mass of air
passing into the engine.

Fig. 2-33. Encpne temperalure sensor (also catled Temp ll or
NTC ) 15 oltens mounted i tharmoslat housing. In
this BMW termporadure sensor (2105 mounied with
thermo-lirne switch (1) and engine temperature
sender (3)

Fig. 2-34. This air-lemperatre sensor (arrow) (also called
Temp 1 or NTC D signals mtake ar tlemperalure.

t)On(;lofld Starting Enrichment. There are two ways that addi-
an au:FI Can get to the engine during colq starting. Thefirst is

fmoitliary or cold-start injector which is controlled by the
System i:ﬂ; Switch. The_secqnd mgzthod is the Sta_rt Controt
fuel injeer the control unit which adjusts the pulse time of the
. Ors as needed. Most L-Jetronics use the cold-start

o TUECH .
e ol ©“- Some combine that with start control; and a few use
Y Start contrg).
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One system missing from most fuel-injection engines
is the Intake Air Heater, or Heated Air Cleaner. For
emission control and driveabiiity, carbureted and
throttle-body-injected engines heat the intake air to
about 100°F (40°C). Warmed air tends to prevent
condensation of the air-fuel mixture on the intake
wallls, which causes stumbling and increased emis-
sions from the lean mixture. Because L-Jetronic de-
livers fuel at the intake ports, it can compensate fuel
flow as necessary, enriching for cooler air without wall
wetting. Without the Intake Air Heater, L-Jetronic de-
livers cocl air, with greater density, producing more
power in coid conditions.

The cold-start injector {also called the cold-start valve) is
energized during cold starting. When the key is turned to start,
a relay delivers power to the start injector. A tharmao-time switch
grounds that circuit. causing fuel delivery based on switch
temperature. This auxiliary injector does not operate through
the control unit, and 15 nat usually affected by the engine
temperature sensor

If instalied the coid-start injector is easy to find. mounted on
the intake manifoid downstream of the throttle, as shown in Fig.
2-35. It has an etectrical connector and a fusi ine. Whenever
the systern is pressurized, the start injector is pressurized; that
means it is under pressure whenever the engine is running,
and for some tme afterward. Why is that important? If this
injector leaks, the engine runs rich,

Fig. 2-35. Coid-starhinecior (1) delvers fuel nio nilake man-
toldf to enach mxture for ail oylinders Elecirical
connecton s at 2. fuel connection at 3

The cold-start injector is soienoid-operated, something like
the port injectors, but it holds open for seconds rather than
milliseconds. At system pressure, fuel enters through the fuel

L-Jetronic
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fitting; when current flows through the etectrical connections,
the solenoid lifts the armature from the valve seat. Fuel flows to
the nozzie where it is swirled, That swirl action provides a fine
vaporized mist that fills the manifold between the closed throttle
and the intake valves.

The injector receives voltage whenever the key is in START
position, but it only operates when it is grounded by the
thermo-time switch. Think of this as a switch, not a resistor, It
limits the open<ime of the start injector to prevent flooding
during cranking. See Fig. 2-36. Inside the housing is & bimetal
switch arm surrounded by a heater winding. When the bimetal
is cold, it closes the switch contact. The bimetal is a strip of two
different metals bonded together; as it gets hot, it bends to
open the contact.

inciudes a recovery-time factor. This determines how many
seconds must elapse before %4 of initial start-fuel guantity can
be delivered.

In some cars, the start-control impulse is also influenced by
the rpm during cranking, as shown in Fig. 2-37. The start-
conirol impulse (12) is superimposed on the basic pulse-time
{t1). When the engine is cold-cold, cranking rpm is likely to be
tow. {f 50, the reduced-rpm signal causes the system to double
the pulses, two per crankshaft revolution, and to add large
compensation to the basic pulse-time. If the engine is warm,
but cranking rpm is low, perhaps because of low battery volt-
age, less compensation is added, still 2 pulses per revolution.
When the engine is warm, usually above 140°F {60°C), there is
only 1 pulse per revolution,

Electrical
connection

Housing

Bimetal
strip

Heater
winding

Switch
contact

Fig. 2-36. Thermo-time switch bimetal opens start-injector
cirouit when coolant is warm, preventing flooding.

When you turn the key to START, that powers the start
injector, and also powers the heater. If the engine is cold-cold,
the closed switch grounds the circuit and the start injector
delivers fuel. But as the heater winding warms the bimetal, it
bends away and opens the grounding circuit, ending the start
injection. Even at the coldest temperatures, the delivery time
will be less than 10 seconds. Of course, delivery stops when
you releass the key from START. if the engine does not start for
some reason, the already-heated bimetal will stay open, pre-
venting excess fuel delivery. If the engine is warm-cold when
yout crank it, the bimetal is already bent to open the circuitas a
result of coolant temperature, The result, no fuel delivery from
the start injector.

Consider this auxiliary fuel injector in two terms: it must
operate when the engine is cold, or the engine won't start. It
must remain closed without spray or drip when the engine is
warm, or the mixture will be rich. A leaking cold-start valve will
cause hot-starting problems as fuel leaks into the manifold.

In the start contral system, the control unit lengthens the
injector pulses to the port injectors when the key is turned to
.START, based on the input from the engine temperature sen-
sor. The colder the enging, the longer the pulses. To prevent
flooding from repeated attempts to start, the control unit

L -Jetronic
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Fig. 2-37. On some systerns, pulse time increases if engine
is cold andt tuming slowly: pulse time decreases if
engine is warm and turning slowly.

Auxiliary Air Valve. The auxiliary air vaive heips the engine
overcome the mechanical drag of a cold engine by adding
additional air flow as shown in Fig. 2-38. it does this without
racing the engine, as is commen on engines with a fast-idle
cam. Usually located on top of the cylinder head or valve cover.
the auxiliary air valve can also be on the block because it is
influenced by engine temperature. Look for it to bypass the
throttle body with an auxiliary passage of air at baromaetric
{(atmospheric) pressure to the intake manifold at reduced man-
ifold pressure. it is this pressure difference that causes the air
flow when the valve is open.

The air bypassing the throttle through the auxiliary air valve
is measured air; it has been measured by the air-flow sensor.
so the required fuel is being delivered for injection. With the
cold engine receiving extra air-fuel mixture, the extra frigtion
resistance is avercome. Cold-idle rpm is increased, but witl vary
according to the engine manufacturer's calibration, as V\_.'ell as
oil viscosity, engine condition and cther variables. It IS not
rom-controlled, as we'll see in later systems with idle-sp
stabilization.



Throttie valve

idie-speed

sCrew j
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Fig. 2-38. Auxiliary air valve bypasses closed throtile when
cold.

Auxiliary
air valve

Two types of auxitiary air valves are used. Most are electri-
cally heated, while a few early types are coclant heated. When
the valve is cold, the blocking plate pivots to allow byoass air
through the opening. When it is warm, the plate cioses the
opening.

Operation of the eiectrical type depends on the position of
a bimetal arm, wrapped with an electric heating element, as
shown in Fig. 2-39. When cold, the bimetal arm moves the
blocking plate for maximum bypass air. When warm, the bi-
metal closes the opening. See Fig. 2-40. By shaping the hole
in the plate, the designer can control the amount of bypass air
for each engine temperature so idle rpms are ciose to the
desired speeds.

Heating -~ ~—Bimetal Blocking

Elecineal :
element strip plate

“o0nection

Fig. 2-39. flectric heating element closes auxiliary-ar by-
pass in a maxirmum of 8 minutes from freezing.

an dTT: Position of the bimetal depends on engine temperature
nt ;fength of time current flows through the_ ht_eatfng ele-
Dﬂ'mérn hen the engine is warm, the bimetal is influenced
they Iby t_he block temperature. Wher_*n the engine is coid
on the b‘p aie s open, the heating element is the main mﬂu_enge
.generaﬁm:gtal. Where the delivery of auxiliary fggl for .stfartl.ng is
in minuty ‘Med in seconds, the delivery of auxitiary air is timed
&3, From the coldest, the heater will close the bypass in
Minutes, faster than block warm-up would close it.
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Valve Bimetal Vaive  —Blocking
open strip closed plate

sprng

Flg. 2-40. Bypass opening closes when bimetal strip bends
and spring pulls rotary vaive.

Proper operation of the auxiliary air valve is important to
driveability:

» for cold starts, and post-start, this valve must be open

® when the engine is warm, it must be closed to prevent
fast-idle

I chapter 4, you will see two ways to check if the auxiliary
air valve is functioning properly.

Post-Start and Warm-Up

You've already seen how the cold-engine idle rpm is af-
fected by the auxitiary-air bypass. For post-start and warm-up
fuef enrichment, pulse time of the port injectors is increased,
but much less than during start control.,

Bosch considers post-start, sometimes called after-start, as
the first several seconds after the cold engine fires. The engine
fs running, butit needs a hefty enrichment factor. When the key
is released from START to RUN, that ends the enrichment from
the injectors, as much as 250%. For a start from ordinary
temperatures, 70°F (20°C), the engine might need an enrich-
ment factor of 150%, decreasing rapidiy with time. This com-
pensates for poor mixture formation and fuel coating of the
manifold walls. The richer mixture increases torque, and there-
fore driveability.

After 20-30 seconds, the engine is considered into the
warm-up phase, and the envichment factor tapers off. Remem-
ber, driveability must be balanced with emission control: some
engines can fail the EPA cold run test in the first 30 seconds.
Warm-up driveability improves with more enrichment {or slower
reduction of enrichment), but at the cost of high emissions,

Acceleration

How do L-Jetronics supply the acceleration enrichment
ordinarily delivered by the accelerator pump of a carburetor?

L-Jetronic
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Part-throttie. For part-throttle acceleration, the mixture is
enriched by over-swing of the air vane, When you open the
throttle guickly, the vane swings beyond the reguired position.
This over-swing adds compensation puise-time for a second or
50 until the vane stabilizes for the new air flow. During warm-up,
the engine temperature sensor operates through the control
unit to add additional enrichment compensation to the
over-swing.

Acceleration
envichment

Over
SWiNg

E—

Fig. 2-41. Acceleration enrichment momentarily increases
pulse time by over-swing with sudden throitle
opening.

in some engines, over-swing enrichmant is enhanced with
etectronic acceleration ervichment. The control unit evaluates
how fast the air-flow sensor signal is changing. In effect, it looks
at the velocity of vane movement. Above a certain voltage
jump, acceleration enrichment begins, adding to the pulse-
time. Electronic acceleration enrichment is modified or can-
celied;

1. when the engine is warm
2. during starting

3. during manuat shifting
4. at higher air flows

Full-throttte. Full-throttle acceleration enrichment is han-
dled differently. Wnen you floor the throtile, over-swing enrich-
ment is delivered. But more importantly, a full-throttle signal is
sent by the switch meunted on the throttle shaft. See Fig. 2-42.
Sometimes you'll find microswitches out in the open; usually
they are enclosed in a single unit as shown in Fig, 2-43. The
full-load contact is closed by the cam on the throttle shaft,
signaliing the control unit 1o add enrichment. Fuli-throttle ac-
celeration requires a rich mixture, so the control unit switches
the system from closed-loop operation to open-loop, with the
mixture determined by factory-programmed air-fuel ratios.

L-Jetronic

Fig. 2-42. Throllle swilch is usually mounted directly on
throttie shaft

Mounting “
hole

Electrical
connechon

Full-throttle
contact

Cam

Throtile
shaft

Mounting
hole

Closed-nrottie
contact

Fig. 2-43. Throttle switch signals full-throllie and fully closed
throttle.

idle and Drive-Off

Idle enrichment is usually signalled by the closed-throttie
switch, shown above in Fig. 2-43. This switch was originalty
called the idie-switch, butin recent cars it signals closed throttle
during coasting, and that's not idle, hence the name change.
The switch is also closed by the cam on the throttie shaft, when
the throttle is fully closed. When the computer receives an input
that the throttle is closed, it adds compensation pulse-time t0
the basic flow rate, enriching the idle mixture. tn chapter 4, you
will see how simple it is to check the throttle switches for
continuity.

!
i



Increased fuel for drive-off from idle can improve driveability,
particularly when the engine is celd, something like an accel-
erator pump improves drive-off of cold carbureted engines. In
some cars, to improve driveability, when the closed-throttie
contact circuit opens as the throttle is opened from idie, a
speciai circuit adds compensation fuel, usually temperature-
compensated.

Coasting Cut-Off

In tater systemns, fuel is cut off during coasting, or deceler-
ation, when closed-throttle is signalled. This improves emission
control and alsc fuel economy. In the controtb unit, the closed-
throttle input is combined with inputs from engine temperature

irpmto determine the beginning of cut off and the end of it.
Hemember, as rpm drops toward idle, the closed-throttle
switch may first signal for zero fuel, then at idle will signal for
enrichment.

Anti-Search Circuitry

In some systems, transition from one mode to ancther is
smoothed by anti-search circuitry. This part of the control unit
looks for sudden changes in rpm, either deceleration or accel-
eration. it keeps the engine from searching for the proper flow
during the transition, improving driveability.

RPM Limitation

When some engines approach red line, the computer com-
pares engine rpm to a programmed limit-rpm. As soon as
engine rpm rises above the limit, the injectors receive pulse-
time signals once per every two crankshatt revolutions, cutting
fuel flow in half. As soon as rpm drops, every-revolution signals

‘urne, You'll feel as if the the car is first decelerating, but if you
nold the throttie open, you'll feel the engine surge as rpm
¢ycles around the fimit. See Fig. 2-44. In some cars, drivers
feport rpm limitation differs slightly from the tachometer red
line. During a quick run-up through the gears, good drivers shift
before the rpm-limitation cut-off.

fom! Imjection
000t & interrupted
=80 oM V7R
7
= 4500 ! Injection
§ operating
.?;; 30001 I~Engine-
T speed
limiter
1500 an
—— 0 Time f—— 8

Fig. 244, Engine-speed limiter holds rem at maximum al-
fowed =80 rpm, only cne injection per 4-stroke
cycle.
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Pulse-Period Limitation

Recall the earlier discussion of pulse period, the time avail-
able for injector-open pulse time. Pulse-period limitation cir-
cuitry operates under two conditions to limit pulse time:

1. Lower limit: at high revs, in overrun or coasting, minirmum
pulse time must be limited to prevent excess Hydro
Carbons from too-lean mixtures;

2. Upper limit: at fow revs, during full acceleration, maxi-
mum pulse time must be limited to prevent toc-rich
mixtures, causing stumbling, depending on tempera-
ture.

Lambda Control

You'll remember from chapter 2 the discussion of the ideal
air-fuel ratio {lambda) and its relation to emissions. Cn most
systems, the air-fuel ratio for best emission control is achieved
by sensing the oxygen content of the exhaust gas with a
famida sensor, showninFig. 2-45. The lambda sensor’s signal
is monitored by the control unit, which then adjusts puise time
fo maintain the ideal air-fuel ratio. The system cperates
closed-loop.

Fig. 2-45. Lambda sensor looks sometring ike a spark plug

axhaust manifold to
1 gas. The closer
a7 1F heats up

nstailed 1 exhaust pipe of
sense oxygen content of ax
o the axhaust valves. the

L.ambda Sensor Design and Operation. The lambda sen-
sor is essentially a small battery that generates a voltage signal
based on the differential between the oxygen content of the
exhaust gas, and the oxygen content of the ambient air.

A cutaway view of the lambda sensor is showrn in Fig. 2-46.
The tip of the sensor that protrudes into the exhaust gas is
hollow, so that the interior of the tip can be exposed tc the
ambient air. Both sides of the ceramic tip of the sensor are
covered with metal electrodes that react to create a voltage only
if the ambient air has a higher oxygen content than the exhaust
and the ceramic material is hotter than 575°F (300°C)

L-detronic
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When these conditions are met, voltage is generated be-
tween the two sides of the tip. The voltage is usually about 1
volt. But if the engine is running lean, the exhaust gas has
about the sarme amount of oxygen as the ambient air, so the
lambda sensor wilt generate little or no voltage; if the engine is
running rich, the oxygen content of the exhaust will be rnuch
lower than the ambient air and the sensor voltage will be iarger.
See Fig. 2-47.

Positive Electrical connection
side Negative to control unit—
side
Housing
Ambient air
t
_ —Support Vent
Sensor {ip ceramic opening for
{exhaust side) ambient air

Fig. 2-46. Cutaway view of lambda sensor.

Rich mixture Lean mixture
Tvolt - (lack of air) fexcess air)
0 volt ! %,
0.80 0.90 1.00 1.10 1.20 »
11.78 13.25 14.72 16.19  17.86 AfF ratio
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Fig. 2-47. Rich mixture and low content of oxygen in exhaust
causes voltage output from oxygen sensor. Re-
member, rich = voltage.

Some cars have a lambda sensor that has a heating ele-
ment built-in to speed warming of the sensor to improve the
driveability and reduce the emissions of a cold engine. On a

L-Jetronic

cold engine, it may take 90 to 120 seconds for an unheated
lambda sensor to get warm encugh to start generating voltage.
while a heated sensor may be warm enough after 10 10 15
seconds.

Lambda Closed-Loop Control. Recall the discussion of
open-loop/closed-ioop systems in chapter 2. The lambda sen-
sor and the control unit form a closed-loop system that contin-
ually adjusts the air-fuel ratio by means of the fuel-injector pulse
time. For example, the sensor generates a high voltage be-
cause the mixture is rich, so the control unit reduces pulse time
to lean the mixture. Sensor voltage falls, so the controb unit
increases pulse time to enrich the mixture. Sensor voltage
increases, etc....

Rich
mixture
Less
Clgptrol omoenin
;Creases exhaust than
ambient air
fuel
voltage Voltage
decreases increases
Same or Control
Fnore xygen unit
in exhaust reduces
than ambient fuel
air
l.ean
rixiure
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Fig. 2-48. Since about 1980, fuel-injected engines operale
closed-loop most of the time.
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The lambda sensor voltage is always fluctuating as shown in
Fig. 2-49, so it is hard to maintain the exact point at which the
air-fuel ratio is ideal. Instead, the ratic tends to osciflate to either
side of the ideal ratio, but the osciilation is so fine (about 0.1%
change in the air-fuel ratig) that it is not neticeabte in engine
performance. The rate of the air-fuel ratio oscillation is related to
the quantity of exhaust passing the sensor. At idle, the cycle
from lean to rich and back again may take 1 to 2 seconds. At
cruising speed, the cycle may happen several times a second.

Rich Lean Rich Lean

volt

Flct

SENSOr v

o

B199INT.BCH

Fig. 2-49. Closed-loop lambda sensor vollage cycies back
and forth from slightly rich to slightly tean. In chap-
ter 4, you'll measure the effects of this cycling.

This closed-loop system can compensate to some degree
for changes in the engine over time. For example, i a valve is
leaking slightly, or if there is an intake air leak, the lambda
sensor senses the change in combustion and brings the sys-
tern back within its design limits. This has been described as
having a skilled technictan under the hood, centinuously tuning
the mixture for best operation under alf conditions. Changes
beyond the system's range, though, can still lead to driveabifity
problems.

When the oxygen sensor is cold and not generating a
valiage signal, the control unit is programmed to operate open-
!OOD at a programmed injection rate. The same thing happens
fyou disconnect or cut the lambda sensor wire, or if the sensor
s fouled by jeaded gasocline. This becomes important when
You are trying to make closed-loop adiustments at idle, but the
Sensor coals off because not enough exhaust is passing it.
Many service procedures depend on closed-ioop operation, so
fermember that the sensor has to be warm enough.

As you'll see in the service chapters, the lambda control
systern ig properly adjusted when engine-out CO is the same
Whether the system is closed-loop or open-locp. This adjust-
MeNl point allows the system its full range of compensation for
Operating conditions.

Eashﬁefronics have been useg since 1974. Engines adapt
werey o L-Jetronic. In 1980, when tighter U.S. emission limits
ma_ndated. virtually every Eurcpean car imported to the
!'0 :i’:"%h had used carburetors in 1979 switched to L-

- Those that did not, switched to K-Jetronic.
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2.6 LU-Jetronic

LU-Jetronic is a refinement of L-Jetronic, used in few cars in
the U.8. in fact, the U stands for U.S.; it is a lambda-control
version of a refined Jetronic used in Europe: LE-Jetronic, lts
main features are optimized circuitry in the control unit, and a
start control system. The control unit is analog. You'li find it in;

® 5 few BMW 3 series, used before switching to Motronic

* 1983-84 California AMC Alliances when the Bendix cen-
tral fuel-injection system systemn could not meet California
emission limits

¢ a few late-model Renault Fuego and 18]

3. LH-JETRONIC

LH-Jetronic is a further refinement of L-Jetronic. The main
difference between the twa systems is the method of measur-
ing air flow on LH-Jetronic. instead of an air-flow sensor, LH
systems use something called an air-mass sensor, which you'l
learn more about later, All LH-Jetronics use lambda control,
and the control unit is digitai, not analeg.

Volvo was the first user of LH-Jetronic systermns on the 1982
Valvo GL with the 2.3 liter 4-cylinder engine. By 1987 ali Volvo
engines, inciuding the 2.6 liter VB, were using LH-Jetronic. The
first Volvo system is identified as LH 1. in addition to the
differences mentioned above, it uses a vacuum switch to signal
inlet pressure {instead of a throttle switch), and uses an auxil-
iary air valve, the same as on L-Jetronic.

Since 1984, LH systems are identified as LH 2. Instead of
the auxitiary air valve, LH 2 has an idle-speed stabilizer for
autornatic idle speed control. The LH 1 vacuum switch is
replaced by the throttle switch. Since 1988, LH-Motronic com-
bines the air-mass sensor with control of ignition tiring as well
as adaptive contral and diagnostics. See 4. Motronic Sys-
tems.

3.1 Air-Mass Sensor

The air-mass sensor is completely electronic. It depends on
the measurement of current flowing through heated wires to
measure air flow. It is also known as the hot-wire sensor
because of its heated-wire design, hence the “H” in LH. It has
several advantages over the vane-type air-flow senscrs of L-
Jetronic.

1. 't measures air mass, or weight, so it requires no correc-
tion for changes in density due to temperature or altitude.
The air-fuel mixture ratio depends on mass: so much
weight of fuel mixed with so much weight of air. Measur-
ing mass eliminates the need for compensation sensors:
air temperature, and aftitude. It also reduces correcting
computations in the control unit.

L H-Jetronic
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2. It has no moving parts. That means mechanical simpli-
fication. It responds even faster than the moving vane of
the air-flow sensor. Measurements follow changes in
air-mass in 1-3 milliseconds.

when the ignition is turned on. As soon as air flows over the
wire, the wire is cooled. The controi circuits then apply more
voltage to keep the wire at the criginal temperature differential.
This creates a voltage signal which the contral unit monitors;
the greater the air flow (and wire cooling) the greater the signal.

3. It offers insignificant resistance to the passage of air.
Even at maximum air flow, drag force on the wire is
measured in milligrams.

Air-mass measurement by hot-wire improves driveability,
stability, and reliability. It is used in racing. In my opinion,
air-mass sensing will probably supplant the measurement of air
fiow by vane-type sensors.

Air-Mass Sensor Design and Operation

Underhood, between the air cleaner and the manifold, you'll
sae a simple black plastic cylinder with an electronic box, as
shownin Fig. 3-1. If you remove it and look inside the protective
screens, you may be able to see the small platinum resistance,
or hot wires, that are suspended inside the cylinder so that the
intake air can flow over them. See Fig. 3-2. How fine are these
wires? The diameter is 70 micrometers—that's less than Vs
millimeter, finer than a human bair. By carefut design of the
sensor and its mounting, the fine wires survive automobile
vibration. In the unfikely event a wire should break, the warm
engine runs, though without fuel compensation, in a limp-home
mode. You can simulate limp-home mode by driving the car
after pulling the air-mass sensor connactor of a warm engine.

Exploded view
of hot-wire
assembly

Control
circuits

Hol-wire
assermnbly

element

f—Temperature

Protective
screen

Air-mass
$ensor housing

Fig. 3-2. Air-mass sensor includes hot-wire assembly and
control circuits.

Control Circuits. The L.H control circuits use a Wheatstone

bridge, as shown in Fig. 3-3. The hot wire is one leg of a bridge
circuit whose output voltage is held to zero by regulating the
heating current. The hot wire, known as Rh, changes resis-
tance with termperature. Incoming air passes over the hot-wire,
Rh, and also over ancther resistance wirg, Rk, The same
voltage is applied to both wires. In series with Ri are twa fixed
resistances, R1 and R2; in series with our hot wire, Bh, is fixed
resistance R3.

Fig. 3-1. Look for ar-mass sensor bebween air cleansr and
intake maniaid.

The hot-wire systermn depends on measurement of the cool-
ing effect of the intake air moving across the heated wires.
Suppose you had a fan blowing across an electric heater, With
a small movement of air past the heated wires, the cooling
effectis small. With more air moving past the heated wires, the
cooling effect is greater.

L+ control circuits use this effect to measure how much air

passes the LH hot wire. The hot wire is heated to a specific
temperature differential 180°F (100°C) above the incoming air

LH-Jetronic
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ERRN
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Amplhifier

Fig. 3-3. Wheatstone bridge principle explains maintenance
of hot-wire temperature.




The Bhwire is controlled to be 180°F (100°C) hotter than the
intake air flowing through. For example, if the air is at freezing,
32°F (0°C), the wire will be heated to 212°F (100°C). On a hot
day, if the air is at 86°F (30°C), the control circuits heat the wire
to the sarme 180°F {100°C) difference, to 266°F (130°C).

The air mass changes when the driver changes the throttle
opening:

1. more air passes over both resistance wires in the air-
mass meter;

2. both Rh and Rk are cooled by the increased air mass;

?. Rhdecreases its resistance, because of its Positive Tem-
perature Coefficient;

4. current flowing through Rh increases more than the
current through RK;

5. that unbalances the bridge circuit;
6. comparator increases its output;

7. ampliifier increases current (Jhy) to bring Rh back to its
original resistance, and thus its original temperature
back to 180°F (100°C) above ambient temperature of the
intake air;

8. the heating current is measured as a voltage drop (Um)
across the fixed resistance R3;

8. this voltage drop is a measure the air mass and is used
as the output signal to the control unit.

All this happens is 1-3 milliseconds.

The air mass can also change because air temperature or
allitude changed its density.

_ Controt Unit Inputs and Outputs. LH-Jetronic control of
INection puise time is the same as in L-Jetronic. Low engine
Speeds mean a smaller air flow. As the air mass increases, the
&r-mass sensor controf circuits provide an output voltage sig-
nal to the control unit, and pulse time is adiusted accordingly.
N_ote that in contrast to L-Jetronic, the LH-Jetronic air-mass
SIgnal increases with air flow.

de!ii?gr “mp-hOmfe _operatior?, pulse time is ﬁxe;d. Each pulse is
abover ?d to the injectors with no compensation. For_ any rpm
e |dle,_ the comroll unit is programmed to deliver fixed
engine-:ymcaﬁy 7.5 mitliseconds. O_f course, the faster the
S injoct Ucrins, the more pulses are deﬂvered and the more fu_el
it eaeh - When the closed-throttle switch completes its cir-
’ ndc fixed pulse is a littie shorter, typically about 5 milti-
S 10 keep the idling engine from running too rich.

Shut. - .
'COnnt;t Off, Hot-Wire Cleaning. With the air-mass sensor
ed for normgy operation, the hot wire does not glow. It

‘ndomt look hot, any more than the heated wires in a rear-
-+ HOW defroster g,
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But shortly after you shut off the engine, the control system
wilt heat the wire red hot for about one second, hot encugh to
burn offany dirt. See Fig. 3-4. Because of the hot-wire cleaning,
LH is ready to start every time with a clean wire.

off at engine shut-down.

How’s this for attention to detail: There's no burn-off untess
the engine has run above 3000 rpm; that usually happens
normally each time the car is driven. That way, restart won't
normally happen with an 1800°F (1000°C) heot wire. Further,
there’s no burn-off if the engine stops running at fess than 200
rpm; the engine would not be running at such a low rpm, so it
has stalled. This prevents the hot wire from glowing after an
accident.

In normal operation, don't suspect the wire is inoperative if
it fails to glow. The wire is so fine you may not even see it unless
the light is right, so don't suspect it is broken if you can't see it
right away. You can measure the output signal, as described in
chapter 4.

Mixture Adjustment. You'll find the idle-mixture adiustment
screw on the side of the air-mass sensor, under a seal. Elec-
tronic circuits inside this sensor are not serviceable. When you
adjust idle mixture, you adjust the voltage signai from the
air-rmass sensor by turning a potentiometer, a variable resistor.
Because it is an electrical adjustment, it feeis different; it turns
more turns than the mechanical adjustment of L-Jetronic air-
fiow sensor.

3.2 Idle-Speed Stabilizer

On most LH-Jetronics {LH 2 and tater) the idie-speed sta-
bilizer replaces the auxiliary-air valve. See Fig. 3-5. Idle-speed
stabilizers can have different shapes, but they all work the
same. They change the amount of air that bypasses the closed
throttie. You'li remember this is measured air so it changes the
amount of air and fuel to the engine, which changes idle speed,
not mixture.

LH-Jetronic

Fig. 3-4. LH hot wire glows at 1800°F {1000°C) during burn- e



26 PULSED INJECTION — THEORY

Fig. 3-5. Idle-speed stabilizer allows measured air 1o bypass
closed throttle.

In a cutaway in Fig. 3-6, you can see the rotary vaive that
turns slightly to change the opening for the bypass air. The
stabilizer may look iike a motor, but it's not. Signais from the
control unit drive the valve toward open.

Bosch also calls the idie-speed stabilizer an actuator. On
other cars, a similar device could be called an idle-air control,
idie-speed compensator, or idle-speed control. The distinction
is whether it actually controls rpm by measuring rpm—a
closed-loop system —or on some preprogrammed basis —an
open-loop system.

Experts can be fooled by other terminclogy. Some cail
idle-speed stabilization CIS—Constant Idie Speed. For our
purpeses, CIS means Continuous Injection System,.

Dwell Signals

The opening of the idle-speed stabilizer depends on the
percent dwell—the on-off ratio —of the digital controt signats
from the contro! unit. Note that digital signals are on-off, nothing
in between, Measuring the on-off ratic tells you the percentage
of time that current is on, something like a dwell meter mea-
sures ignition-points closing time. The greater the on-off ratio,
the further open the stabilizer and the more air will bypass the
throttle. For a normal warm engine at idle, the stabilizer is open
Part-way with a typical dwelt of 32%. You can use a dwell meter
to measure the on-off ratio, as discussed in chapter 4.

LH-Jetronic

Fig. 3-6. Icio-spoad statdzar valve controls rpm. Smals
OR2NING (1O 1o 3 e rpm. Medim opening

imigidier. normal rom Larger opening increases iclle
roe)

RPM Stabilization

The idle-speed stabilizer is a closed-loop governor that
hotds a steady rpm. i load is added to the engine —such a5
when the lights are turned on, increasing aiternator dragﬂhe
control unit increases the on-cff ratio; that keeps the enginé
speed steady at normal idie. It can keep engine rpm steady for
other loads too, such as power steering, or shifting the auto-
matic transmission from Neutral to Orive.




On some cars with automatic transmission (A/T), the idle-
speed stabilizer operates to reduce creep at stoplights. While
the transmission is in Neutral, engine idle rpm might be gov-
erned at 1000 rpm at a temperature of —4°F (—20°C). When
the engine is warm, Neutral idle rpm might be 750. But while
the A/T is in Drive, the stabilizer may cut back the idle rpm to
670. This luxury touch pleases some drivers, and is possible if
the engine does not exhibit roughness at the lower revs.

On the other hand, the stabilizer can work to increase rpm.
Turring on the air conditioner (A/C) usually requires higher idle
speeds 1o insure adequate A/C cooling. The input signal to the
control unit may be one or more switches:

& driver’s actuation of the A/C switch
« closing of the circuit for the A/C magnetic clutch

& pressure increase in the high-pressure side of the com-
pressor

Idle-speed stabilization can also avoid an rpm drop when
switching on the A/C. The engine control unit talks to the A/C
control, and delays energizing the A/C campresser for about 4
second after the A/C is switched on at idle. This gives the
stabilizer time to hold or increase idle rpm as necessary for the
load of the A/C compressor, On the other hand, while in Drive,
AJC operation wilf not raise the rpm, which could cause creep
of a stopped car idling in Drive.

When you service the engine, it can be important to know
the difference between:

® closed-loop idle-speed stabilizer
® cpen-loop systems, such as:

— Bosch auxiliary-air valve
-~ fast-idle cam
~ fixed-position throttle pesitioner

While open-loop systerns increase the air flow into the
engine, with most of those, rom will vary according to engine
temperature, engine condition, weight of oil in the crankcase,
Whether the transmission is in Drive or Neutral, and many other
vanables. Unless rpm is sensed, fast-idle rpm must usually be
St higher to haridle unforeseen variations, higher rpm than
Would be necessary on an engine with an idle-speed stabilizer.

Because the idle-speed stabilizer usually operates closed-
for D Oln the ba_§is of engine rpm, it needs to increase rpm less
erni?;-d conditions. This saves stop-light fuel and reduces

'0ns. In closed-loop, it will maintain idie rpm with small-
¢ changes. As rpm drops, the stabilizer receives control unit

dw?iir']gSigﬂais to bypass extra air to keep the engine from

m(;fanking the engine will cause an open-loop signal to
258 the air flow as needed. Gold engine temperatures will

| Tease idle rpm, usually only a few hundred rpm from the
warm idie speed.
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When the car coasts, the stabilizer will recelve a brief open-
loop increase-bypass signal, based on how rapidly the air-flow
signal drops toward zero. Functioning in a manner similar to a
throttle dashpot, this provides a gradual drop in manifold pres-
sure, helping to reduce the emission of Hydro Carbons.

Because the idie-speed stabilizer autornatically controis en-
gine rpm, you must be alert when making an rpm drop test for
the injectors or ignition. The fact is, with the idle-speed stabilizer
working, you probably won't get any rpm drop; that can be
confusing if you don't realize what the stabilizer does. For
example, suppose you disconnect one injector. When the
stabilizer is working, the engine does not slow down the way
you'd expect it to, As soon as the rpm starts to drop off, the
stabilizer opens, to increase rpm back to normal,

Adaptive Control

Beginning with some 1984 systems, idle-speed stabilization
can be adaptive. That means that, during the lifetime of the
engine, it will adapt the idle rpm setting to compensate for
changes in internal friction. Adaptation takes place as the
engine idles for a few minutes. This dwell vatue is stored in the
control unit non-volatile memory which then becomes the cen-
ter point for increase/decrease rpm signals.

Idie Speed Adjustments

Although idie speed is automaticaily controiled, in some
cars you may still need {o set the basic idle speed {lower than
curb idle} with a knob, changing the amount of bypass air. You
have to ground the idle-speed stabilizer as mentioned above,
so it is fixed. When you remove the grounding, the engine wilt
seem to take a gulp of air as the stabilizer rapidly opens; then
rpsn steadies at normal idle.

On the newest systems, idle-speed stabilization has be-
come s0 well controlled by adaptive circuits in the control unit
that no adjustment is provided for idle mixture or idle rpm. For
more on adaptive circuits, see 4. Motronic Systems.

4. MOTRONIC SYSTEMS

In simple terms, Motronic is an engine-managemsant system
with a single controf unit for control of ignition timing as well as
fuel-injection. Many of the sensors important for fuel injection
are also needed for ignition-system contrel, as shown in Fig.
4-1, so the integration of the two systems can accomplish many
things that L-Jetronic and LH-Jetronic can't:

;bliIintegrated control of fuel injection and ignition can marn-
age the engine better than control of either one alone. That is,
Eming is sometimes dependent an the air-fuel ratio, and vice
versa,; also, emissions ¢an be reduced by coordinated contral

Motronic Systems
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® Engine control can be based on actual needs of each
engine model based on large amounts of engine-test data
during different operating conditions stored in the
Motronic Read Only Memory (ROM)

e Many additional operating functions can be provided.
Important from the standpoint of service are the adaptive
functions, and the self-diagnostics for troubteshooting

e Motronic advantages are better driveability and fuel effi-
ciency, and reduced emissions. More specific benefits:

1, fuel savings achieved from best combination of mixture
and timing

2. dependable starting, cold or hot

3. stable idling at reduced rpm

4. relative freedom from maintenance

5. good torque characteristics, allowing longer gear ratios

Applications - ldentifying Features

Motronic systems use the same pulsed fuel injection prin-
ciple as the L-Jetronic systems described earlier, so many of
the functions and components are the same. This section
covers those Motronic functions and components which are
additional to basic L-Jetronic fuel injection.

Underhood, how do you telf a pulsed Motronic system?
Most "L’ Motronic systems use the vane-type air-flow sensor
as in L-Jetronic. Some Motronic systems also operate with the
air-mass sensor of the LH-Jetronic, asin BMW 750i V12 (known
as LH-Motrenic). So checking these components won't imme-
diately identify a pulsed Motronic system.

Fig. 4-1. Motronic schematic shows ignition system (1, 2},
crankshaft signalling (3, 4), and pulsation damper
(6) added to L-Jetronic.

Motronic Systems




Try locking at the distributor as shown in Fig. 4-2; a Motronic
distributor will not have vacuum hoses — or centrifugal weights
inside. But even this can be confusing. Some 6-cylinder Por-
sche 911 engines use centrifugal weights to advance the rotor
during high rpm for befter contact between the rotor and the
cap contacts, but not to affect ignition timing. Several cars, such
as Porsche 928 and Peugeot 5055TX have separate efectronic
ignition controls, no vacuum hoses or weights, and are not
considered Motronic systems, Don't be confused by systems
that control distribution of ignition-firing pulses, so-cafled dis-
ributorless ignitian.

Fig. 4-2. Most Motronic distributors are simple; no vacuum
hoses, no centrifugal weights. With distributorless
igretion, the conlrol unit tires and distribules power
to multiple coils.

The best way to identify Motronic is to check your vehicle
specs. With modern, complex engines, you cannot guess
about engine management systems; you must have the vehi-

shop manual,

4.1 Ignition Timing Control

I'm talking here about more than electronic ignition—the
Systems that have replaced the points and condensers of
Yesterday. I'm tatking about microcomputer controf of ignition-
gévance angle for every plug firing, or at most, every two plug

"Ngs. The millisecond response time of electronic ignition-
;’d\’a{_lce control is far faster than the traditional mechanical
fyweight/vacuum advance systems.

Donl)n @ mechanical systern (and that includes electronic igni-
Charl1 a3 rom increases, centrifugal weights advance timing.
9ing load (manifold pressure) can further change timing
;‘“Cﬁ W'fth avacuum diaphragm. As rpm increases, there is
Awell time for the coil to charge when perhaps the engine

S More spark energy.

T ar

:;dftvoywa_l Curves for distributor timing show the limited
oneOf tumzn_g advance possible. A timing point that is proper
Other Combination of pm and load is probably wrong for

binations of centrifugal weight position and vacuum
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diaphragm acticn. Once the vacuum control or the centrifugal
weights reach their limits, advance controt is fixed. Mechanical
timing has been patched with more vacuum hoses, tempera-
ture and delay valves, and other servicing headaches; it’s still
& compromise. Even at its best, this control falis far short of the
precise and rapid timing needed by today's cars.

In Matronic systems, however, the control unit processes a
nrumber of inputs as shown in Fig. 4-3, and then adjusts timing
for all conditions based on its internai data map.

Input Qutput
'p TIMING u
Engine speed Control fgnition coil

{primary circuit)

X Spark plug

Tirming

rpm sensor} unit

T—— ji

Engine timing
(TBC senson

Engine load
(Aur-fiow sensor}
Bi66INT.BCH

Fig. 4-3. Timing is controfled by the contral unit by inputs of
rpm, TDC, and load. Control unil controls charging
of coil,

Timing Data “Maps”

To determine precise timing-advance requirements, each
family of engines is tested to learn the best timing for each
condition of speed, load, and other variables in heat and cold,
on the dynamometer and in the mountains, The goal is to find
the timing for best power, for best economy, all the while
meeting emission limits.

The resutt of these tests is a series of data "maps”, as
shown in Fig. 4-4. Literally thousands of data points from these
tests are stored in the computer memory of the Motronic
control unit ROM (Read Only Memory) for readout during
engine operation. As you may know, a ROM cannot be
changed. For any combinaticn of engine load and rpm, the
control unit can supply the bestignition timing. For exampile, for
an rpm-input signal of 2000 rpm, at a load signalled by the
air-flow sensor, the computer would look up the timing advance
angle, let's say it should be 22 degrees BTDC.

But control is even more precise. Suppose the rpm were
2050, and the memory contained only data points for 2000 and
2100; then the computer would look up both 2000=22 de-
grees BTDC, and 2100 =24 degrees BTDC, and interpolate. it
would calculate an advance for the 50 rpm difference between

Motronic Systems
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2000 and 2050, and would output timing of 23 degrees BTDC.
In the control unit, timing is computed so fast that Motronic can
adiust timing for every firing of each spark plug!

Igrition advance

optimum time for the coil primary current to rise to proper value
at moment of opening primary circuit?” In addition, the control-
unit output stage limits current so that if, due to rapid engine
speed changes as in acceleration, current reaches the nominal
value before the ignition point, current is hetd constant.

Dwell angle

Battery VOIIaQe

Fig. 4-4. Ignition advance map shows electronic timing con-
trot according to engine load and speed. Maps are
symbolic of thousands of data points stored in
contral unit memory. Don't confuse these maps
with term MAP commonly applied 1o Manifold Ab-
solute Pressure.

Distributor

Because it does not control timing or signal rpm, the Mo-
tronic distributor's only job is to distribute the secondary, that is
to send the conirol-unit-timed spark to the proper cylinder.

While timing and dwell were formerly dependent on each
other, Motranic memory provides separate dwell-angle data,
based on battery voltage and rpm. Later, we'll see how timing
and dwell control improve starting and other variations, but
here are the principles.

Dwell-Angle Control

As engine rpm increases on mechanical advance systems,
there is less dwell time for the coil to charge between firings,
resulting in a fall-off of coit voitage, In Motronic systermns, dwell
angle is electronically controlted so the coil receives the proper
current at the time of plug firing. The more battery voltage, the
less dwell angle needed. On the other hand, as rpm increases,
more dwell angle is needed for the time to charge the coil. By
controlling dwelt angle, the coil is charged properly for each
ignition firing, ne more, no less. The objective is to provide the
required secondary power at the plug at the moment of firing
with minimum fosses in the ignition output transistor and the
coil. ’

To reach the nominal value of primary current at the moment
of firing, the dwell angle is changed according to the battery
voltage as shown in Fig. 4-6. When battery voltage is less, dwell
time is increased. In effect, the dwell control answers the
question: “When should the primary circuit be closed for the

Motronic Systems

Fig. 4-5. Dwell angle is controlied for battery vollage and
engine speed, according to memory map in Comnieol
unit.

Norrinal current for
coif charging

T
I
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|
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I
!

6v 1oV 15V

Primary current

Time

Fig. 4-6. Thelower the battery voltage, the longer it takes to
charge the primary in the coil.

So engine rpm, and battery voltage are inputs to the contrgl
unit. From dweli-angle data in the ROM, control unit output i8
the dwell, or charge-time contrel, that conserves energy and
prevenis overheating the coil. Also, if the rpm signal indicates
tess than 30 rpm, as when the engine stops ot the key is jefton
with the engine stopped, primary cut-off prevents coil overheat-

ing.

Now that you understand the basics of Motronic igriticn

control, let's look at the rest of the Motronic system and draw

similarities and differences from the Jetronic systermns de- .
scribed earlier.




4.2 Air and Fuel Systems

The basic fiow rate is still determined by the air-flow signat
and by the rpm signal. But in Motrenic systems, the rpm signat
comes from the flywhee! rpm sensor instead of from the dis-
tributor. Also, the pulsed Motronic air-fiow sensor signal in-
creases with increasing air flow, a direct relationship. Remem-
ber, in the L-Jetronic air-flow sensor, the signal decreases with
increasing air flow.

Pulsation Damper

The Motronic fuel system is guite similar; see the L-Jetronic
section for details of the pump, distributor pipe, pressure reg-
ulator, and injectors. Some Motronic cars add a pulsation
di er on the fuel rail, to reduce pressure fluctuations and
noise in the system, It looks similar to the pressure regulator as
shownin Fig. 4-7, solearn to tell them apart, Although each has
a hose connection on its base, the pulsation damper hose
does not have a pressure function; it provides for a possible
rupture in the diaphragm, dumping the fuel into the manifold
insiead of spilling it on the engine. How else do you tell the
difference? The pressure regulator is on the high pressure
side; the damper is on the fow pressure, or return side.

Fig. 4-7. Fuel pressure requiator {right) and fuel pulsation
damper (left) ook similar, sc be careful when ser-
vicing them.,

4.3 Control Unit

Motronic systerns make extensive use of other data maps

Stored i ROM for many of the controf unit functions, including:

1 fuet injection

fambda closed-loop control

Warm.up

acceleration
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5. ignition timing
6. dwell angle

7. EGR

043

. idle-speed contro!

Data *Maps”

The main map in the control unit is & set of fambda memory-
points used to determine the desireg air-fuel ratio for the fuel
injection pulses. The lambda memory map, shown in Fig. 4-8,
is derived from lab and road tests, and modified for the require-
ments of the vehicle and the country where it will operate:

® at part load, maximum economy and minimum emissions

® at wide-open throttle, maximum torque while avoiding
knocking

® at idle, maximum smoothness

& during throttle opening, maximum driveability

e gAir-fuel ratio _.’._,_/*"""' ’
\ \\ : (iambda) /4/ -
LOad \ ' e, ad -
e e gine SP8
Upm\

Fig. 4-8. Lambdz “map” establishes lambda. or air-fuel ratio
for each load/speed point.

Alr quantity and the requirements for controt of injected fuel
can vary due to many factors such as manifoid-pressure vari-
ations resulting from individual piston pumping, and intake-
valve opening/closing. As shown in Fig. 4-, idling manifold
absolute pressure can vary by 5 kPa fram an average 42, over
more than 10% plus or minus. For this and other variations, the
tambda raap insures the best possible adjustment of the air-fuel
ratio as corrected by inputs that control fue! injection, and
without affecting other operating points.

Air flow and rpm set up basic pulse time. Other inputs can
change that basic pulse time, and compensate for other vari-
ations. Later, you'll see how each of these works for each
driving condition.

Motronic Systems
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Fig. 4-9. Manifold pressure fluctuates rapdly (as much as
10%) as a result of intake valves opening and
closing. This can cause changes n fuelanection
requirements

Timing Signals: RPM, TDC

For the most accurate measure of engine timing and speed,
Motronic systems read the position of the crankshaft directly,
instead of from the ignition system as in L-Jetronic. Special
sensors. shown in Fig. 4-10, pick up signals from the fywheel
teeth. Taking RPM and TOC timing signals from the crankshatft
avoids inaccuracies from gear-lash or belt-drive such as when
rpm and timing are determined in a camshaft-driven distributor,
causing ''spark scafter”,

Fig. 4-10. RPMsensor (1) sends engine-speed sgnals from
fywheet! leeth, TOC sensor {2) sends one pulse
per passing of set screw {arrow) each crankshafl
revolution

The rpm sensor {also calied the engine-speed sensor) is an
inductive-pulse sender that picks up pulses from a toothed
wheet, usually the flywheel. The rpm signal can be displayed
on a scope just as itis sent to the control unit, one blip or spike
for each tooth as shown in Fig. 4-11. It is so accurate it can
sense an rpm change while the crankshaft turns only a few
degrees.
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Fig. 4-11. RPM sensor scope pattern shows one pulse per
fiywheel tooth.

The TDC, or reference-mark sensor (reference from cylinder
#1TDO), is triggered by a set screw on the fiywheel. Eachtime
the screw passes the TDC sensor, the sensor signals one blip
for each crankshaft revolution as shown in Fig. 4-12. Both
sensors are magnetic, with a soft iron core that stores the
magnetic field. When a tooth in the tiywheel or the reference pin
moves through the magnetic field, the change induces an
electrical voltage in the winding. This voltage is the input signal
to the control unit. The sensor is known as a passive diffusion-
field sensor because it does not require a current supply.

E
é v Reference Mark Sensor Y, i)_)
400 25 _40 ;
= E
X -
1 — =
1 S N
]
100% w o
Of et Tosnbontinag e b duddad FRRTTRN P

Fig. 4-12. TOC sensor scope pattemn shows one pulse DEl
crankshaft revolution.

One of these flywheel sensors provides input of rpm to the
control unit. The other sensor provides input of TDC reference:
The air-flow sensor provides input of engine load. From thé
control unit ROM, an output signat to the coil primary sets o
timing advance and dwell for the next spark firing. ;

Some engines operate with onty one sensor that combines
both functions, using a toothed timing-wheel instead of t
flywheel. Two missing teeth signal TDC, as shown in Fig. 4-1%




RPM/TDC sensor

Timing wheel

Flg. 4-13. In some Molronics, special timing wheet replaces
starler gear ring or is mounted on front of crank-
shaft. Single sensor picks up rpm from teeth, and
picks up TRC from gap in testh.

injector Puise Patterns

On the scope, Motronic injector patterns look different from
other Jetronic injector patterns because the digital control sig-
nals are different. See Fig. 4-14. The small blip on the leftis the
TDG reference signal. The injecter is opened by the first neg-
ative, or grounding pulse, and held open by a series of smaller
pulses. When the injection signal ends, a sharp counter voltage
shows as a plus spike.

¥ Injection voRY
- -
100 20_40
YT 10 20
208
83 4
X
100%| .. i ¢
(] CTIRETVRROPRREION. .., IO o RO IS PRTRITIY ST PION SN
\ Pulse lime wE

Fig. 4-14, injection pulse on scope shows large pull-in signal
and pulse time. Notice signal drops 1o 9 (ground)
to open injector.

Adaptive Circuitry

Someg
Cude

15 ing

Motronic control units (those identified as ML.3) in-
:?;ptwe circuitry so your engine is controlled based on
s Or“;"“ operating conditions, and on how you drive it. It

€arns what is best for you and this engine, which
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may be different from the engine tested to develop the basic
data for the memory maps.

If the concept seems hard to handle, think of it in this way:
Remember from earlier discussion that closed-ioop control
depends on the oxygen sensor signal that fine tunes the air-fuel
ratio, and that the air-fuel mixture is properly adjusted when the
output of CO is the same whether the system is open-loop or
closed-loop. in effect, the adaptive circuits do the same thing.
The contral unit looks at the base pulse-time signais during
closed-loop, then adapts the open-loop base puise-time sig-
nals to match. The result is less worry about intake air leaks, as
the system adapts to such variations. It also adapts to the
thinner air at higher attitudes, reducing the need for an altitude
sensor.

The adapted values are stored in the control unit's volatile
mermory —that means that if the battery cable is disconnected
for any reason, even something as remote as installing the
anti-theft alarm, that adapted value will be lost. If the value is
lost, you may find the car drives differently when it's first
restarted. Driving it for about 10 minutes should give it time to
re-adapt. Adaptive tme is carefully considered: anything
shorter than 10 minutes would cause the control unit to be
adapting to every little change. Anything longer than 10 min-
utes would cause concern to the driver: “What did they do to
my car when they put in that alarm system?” It pays to know
when someone disconnects your battery.

Drivers who drive their adaptive-engine GNX or other
hot cars to the dragstrip often find they've lost a few
tenths of a second in stip times as the engine
adapted to the strest. Their times picked up when
they ran the strip a few timas to re-adapt.

Canister Purge Control. You may know that the evapora-
tive fuel cantrol system stores fuel vapors in a charcoat canister
to be drawn into the running engine upstream of the throttle, as
shown in Fig. 4-15. Motronic ML.3 considers the adaptive
function in the canister-purge control in the control unit. The
air-fuel mixture is controlied t¢ lambda 1 by the lambda sensor
system as the control unit slowly operates the canister-purge
valve. During any purge of the evaporative canister, the adap-
tive value is forced to neutral by a so-called “forget” function,
and the adaptive circuits are turned off. Adaptive control is
allowed only when no canister flow is feeding fuel vapors into
the manifold. Ali this adds up to proper emptying of the evap-
orative fuel vagors without interfering with driveability.

Motronic Systems
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Canister
purge valve

Intake air

I
/

Fue! Tank

Charcoal
canister

Fig. 4-15. Motronic ML.3 controls canister-purge vaive 10
adrmit fue! vapors to the intake manitold without
aficcting adaptive systerm.

Y Sequential Injection
Seﬁuéntial injection means delivering fuel separately from
each injector in sequence—in firing order. With an increase in
computing power, and-an increased demand for idle smooth-
" ness and reduced emissions, Bosch Metronic ML3 can pro-
vide sequential infection. Each injector is timed to cut off just
before the intake valve opens. During acceleration, the ECU
can deiiver additional enriching pulses, cylinder by cylinder for
the rapidly. changing conditions.

in spite of its increased cost, you'l see maore pulsed
Motronic sequentiakinjection because:

e each individual injector pulse can be much longer than
simuitaneous injection, as long as 720° crankshaft rotation
* less intake valve opening, permiting lower idle speeds

e less variation between cylinders in a'sr;fuel ratio for
smoother idle ahd reduced emissions .

# injector fuel-rail pressure is more constant because only
one injector opens ata time, meaning smocther operation

 improved acceleration enrichment pecause it can be ap-
plied to the "next cylinder” :

 soft rpm limitation by reducing fuel flow cylinder by cylin-
dey

L3

Some people think “ggquential” means injecting the fuel
just as the intake valve Opens, but it is not that simple. Depend-
ing on the engine, the injection may be timed before the valve
opens. Itis all hased on the desired stratification in the mani-
fald, swirl effects in the cylinder, emissions, and other consid-
erations.

4.4 ldle Speed Control

Most Motronics control idie rpm by a combination of the
idle-speed stabilizer and ignition timing. The stabilizer is de-
scribed in the section on LH-Jetronic. Inputs include rpm,
closed-throttle signal, and engine temperature. The control unit
sends on-off, or digital signaisto the idie-speed stabilizer. Early
Motronics use the auxiiiary air valve to increase air flow guring
warm-up, aiso described in the L-Jetronic section. in these,
cold-engine idle rpm is increased according to temperature; it
is an open-lcop system.

iDLE SPEED:
AIR BYPASS

Inpint Qutput

Control
unit

& L=
Throttle ddle-speec \
stabilizer \
|
Engine temperature \
B194INT BCH |
o

Fig. 4-16. idle-speed control Dy idle air bypass. idle-speed
stabilizer handles coarse rpm correclions.

Ignition Timing

Even before the idle-stabilizer acts on air flow, Motronic idie
rpm is first stabilized by changing ignition tming. if idle rpm
falls, the control unit advances ignition timing 10 increase rpm.
On the othér hand, ifrpm rises, it retards tirning to cut back rpm.
ignition timing handies small rpm changes, handles them in
milliseconds. The idle-speed stabilizer nandies larger changes,
and takes a bit longer. :

itLE SPEED:

input IGNTION TIMING

Throttie

Fig. 4-17. Idie-speed contrel Dy ignition Hming responds
miliseconds.
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4.5 Operating Conditions

I this section, let's look at operating conditions to see how
Motronic controls injection and ignition as well as idle-speed
bypass air for good engine management.

Starting

Start Control, Fuel. In most Motranics, start enrichment is
provided by the port injectors rather than the separate start
injector/thermo-time switch. For start control, the important
inputs are rpm and engine temperature. The control unit mon-
itors cranking rpm, and also the number of revolfutions since
the time cranking began. The injection pulses may be longer
than normal, once per crankshaft revolution, as you've seen in
L ronic.

But at low engine temperatures, the controt unit may deliver
instead several shorter injection pulses per revolution to im-
prove starting. Remember, these are 10 millisecond pulses in
a pulse pericd, or crankshaft-revolution time of 200ms. To
prevent flooding, fuel quantity wili cut back after a measured
number of revolutions, or after the engine has reached a
cranking rpm that is temperature related, for example 200-300
rpm.

Start Control, Ignition Timing. With a cold engine at low
cranking speeds, timing will be controlled near TDC. For nor-
mal cranking rpm, a large advance in timing might fire too early,
damaging the starter. Further, starting would be difficult if not
impossible. With a cold engine at higher cranking rpm, how-
ever, timing will be advanced for better starting.

For hot starts, or high intake air temperatures, timing will be
retarded because a hot cylinder can fire easier while the piston
is rising at cranking rpm. Retarded timing prevents knocking
th~* can oceur in high-compression engines, and may be
I .xed by the starter sound.

START CONTROL:
|
nput IGNITION TIMING o
' roe——
| Y
Control '
#M\L ’ unit £
fom
Timing
Enging temperature
B8192INT.BCH

Fig. 4-18. Start control sets ignition timing based on rpm
and engine temperature.

S
s tart ?ontrol, Air. As in L-Jetronic, the idie-speed stabilizer
Do, ly driven open more by increased dwell signals to
Xtra bypass air for coid starting.
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Post-Start

Post-start —the $-30 seconds when you want the engine to
keep running after you release the key from CRANK—is af-
fected by engine temperature as well as a timer in the control
unit. Colder engines get more fuel injected. Also, coider en-
gines get more timing advance. Based on the start-up temper-
ature, and the time since start, post-start enrichment is gradu-
ally reduced. The idie-speed stabilizer maintains rpm.

Input - POST-START Output
Engine Pulse time
temperature %

; Timing*
Idte-spead N
stabilizer B191INTBCH

' ®

Fig. 4-19. Posi-start lemperaiwe and tme delermine fec-
tion pulse time, ignition timing, and idie-speed
stabihzer bypass opening.

Warm-Up ,

During warm up, the most important input, besides engine
load and rpm for basic putse time, is engine temperdture. The

control unit includes a ROM map of warm-up characteristics to . i

apply a correction factor based con load and engine speed,
greater at low loads and rpm than at high loads and.rpms. See
Fig. 4-20. Control unit outputs inciude injection pulses for the
proper mixture, ignition timing for driveabllity (advance pnder
part-load acceleration, retard on deceleration to réduce HC
emissions), and idle stabilization to help keep the engine run-

- ning at idle.

Warrmn-up
_correction
© 1 faclgrs

Fig. 4-20, Warm-up correctionis greatest at low speeds and
low loads, represented by the back of this "map.”
Al the fron, correction is least for high loads and
high rpm.
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Remember, during warm-up, the temperature of the lambda
sensq"&is irmportant. Unheated lambda sensors can be heated
faster by changing ignition timing. Motronic retards timing 1o
cause a hotter exhaust. That heats the oxygen sensor much
Guicker and aiso heats the catalytic converter faster for more
efficiency.

Closed-Loop Operation

Based on the inputs of a warm engine, and oxygen-sensor
voltage when hot, the systern normally operates closed-loop.
The oxygen sensor fine-tunes the fuel-injection delivery for
proper air-fuel ratios.

Eor every combination of inputs, the control unit looks in its
memory for the best timing, the best dwell angle, the best
lambda, or air-fuel ratio. On the basis of engine temperature,
Motronic controls ignition timing with independent calibrations
for starting, idling, deceleration, and acceleration, both part-
load and fuli-load or WOT (Wide Open Throttle). For example,
control of timing advance at idie reduces the need for idle fuel
enrichment.

Part-Throttie Acceleration

Just as in L-Jetronic, the overswing signal of the air-flow
sensor increases fuel delivery, compensated by temperature.
For air-mass sensors, the rate of increase of the voltage signats
acceleration, As shown in Fig. 4-21, during part-throitle accel-
eration, the normal pulse for steady cruise increases for just
about one second while you open the throttle. Then the pulse
cuts back even as the engine picks up speed; this saves fuel
and reduces emissions.

in addition, ignition timing can be retarded to avoid the brief
acceleration knock that could oceur for the first few cycles of
engine acceleration. Ignition timing control also reduces the
tormation of NOx, which is normal with acceleration.

Rate of ignition timing change is also controtied;
e to avoid knocking, the control unit aliows fast change

® to reduce jerk during transition, the controf unit normally
changes ignition advance graduaily

Full-Load Acceleration

Full-load enrichment is signalled by the throttie switch. As
iong as the throtile is full-open, fonger injection pulses wilt be
delivered for enrichment. Rich mixtures reduce the tendency to
knock. This enrichment is based sotely on rpm, and pro-
grammed from engine tests. The air-flow signal is ignored.

At the same time as rpm and throttle position controf full-
joad injection enrichment, air temperature and engine temper-
ature supply inputs to control the advance of ignition timing for

best acceleration without approaching wnock. For engines
without knock 5ensors, timing advance is based on engine test
data stored in the timing map. The engine can operate close to
the ignition-advance limit, developing maximum torque over
the entire rpm range with least chance of knocking based on
three factors:

1. the timing curve can be programmed specificatly for
each engine operating point

2. the system operates with narrow tolerances and freedom
from mechanical wear

3. timinglis compensated according to engine termnperature
and intake-air termperature

Steady Cruise

Thiottle open —1 second l l
Acceleration ‘ ‘""m‘t

Puise time

Fig. 4-21. Past-throttle acceleration enrichrment is limited 0
the time the throltle is opening. usually about one
second.

In some turbocharged cars, a second air-temperature se
sor is mounted in the manifold downstream of the turbo or the
intercooler to sense the temperature of the air entering the
engine. This is & special fast-response Sensor overriding e

first air-temperature sensor to nandle the quick changes in

temnperature that can occur during full-throttle acceleration
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Fig. 4-22. Full-throtile acceleration controls injection and ig-
mtion timing, based on inputs of rpm, throttle
switch, air temperature. and engine temperature.

Knock Control

Programmed timing accuracy, even with compensations,
can be improved by a knock-sensor system that causes timing
10 advance to just before the point where knock could damage
the engine. With a knock sensor controfling timing advance in
a separate closed-loop system, power output can be maxi-
mized without endangering the engine.

Some engines, particularly turbocharged engines, include
knock sensors to pick up vibrations from the engine at the first
signs of knock. See Fig. 4-23. Some systems use two control
units, mounted inside the passenger compartment, one for
Mntronic, and a related knock control regulator, called KLR.
U k-sensing inputs help both control units to work together.
The first and fastest output changes the timing. If the engine is
rbocharged, the second output controls the boost. See Fig,
4-24. In the Motronic known as ML.3, knock sensing and
engine management are combined in one control Lnit.

When the engine knocks, it vibrates with characteristic fre-
QUer)cies of 5-10 kilchertz together with corresponding har-
menics. These vibrations must be sorted from other engine
Vibrations in g recognition circuit in the controt unit. The
MO‘_K}nic control unit has accurate information on crankshaft
Position ang firing order so it is possible to determine which
xzder is knocking (one cylinder usually knocks before the
_ m"S)- Further, circuits operate with such speed that ignition
ac!vag Can be retarded only for the knocking cylinder, and
can mceC_i for the firing of the next cylinder. Each knock signal
e tO’:itfy timing in milliseconds, When ignition retard elimi-
oniging & Xnock, timing is advanced slowly in steps to the

value or until knocking again occurs.
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Knock-
sensor G

o=e)

AttachN to Control

bolt unit

Fig. 4-23. Knock sensor is fastened to selected part of block
or head. It is coated with plastic o reduce the
effect of changes due to engine temperature.

Input KNOGK CONTROL Output
” '“l MM Motronic
pm control
5 L Timing
TDC
Air ternp.
Knock
Throttle control
{(KLR) Boost
C? control
Boost ﬁ_ Knock B169INT.BCH

Fig. 4-24. Knock controt uses several inputs 1o control igni-
tion timing and boost, sometimes with a separate
knock control computar, known as KLR.

Boost-control

Bar

/~

Seconds

Fig. 4-25. Boost control cuts back pressure in steps until
knocking stops, then gradually restores boost.
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On turbocharged engines, if knock continues for seconds,
boost control reduces manifold pressure. Knock control per-
mits more boost, and higher compression ratios for greater
power. Automaticafly, it tends to adjust for the octane-rating of
the fuel being burned.

With precise control of ignition timing and turbo boost,
engines can be designed with higher compression ratios for
greater power output. On ail engines, the knocking limits de-
pend on many factors:

e intake air temperature

® engine temperature

& gngine deposits

o combustion-chamber form

e mixture composition —A/F ratio, and stratification
« fuel quality

® air density

For years, drivers have known that using higher-octane fue!
did not add to engine power unless ignition timing was ad-
justed at the distribuior 10 take advantage of the improved
anti-knock index. Now, with knack sensors and closed-locp
ignition-advance control, power output can depend on the
anti-knock index of the fuel being burned. It is not unusuat to
see engine power specifications include the anti-knocik index of
the fuel to be used.

RPM Limitation

if the rpm signal is greater than max-altowable rpm stored in
the computer memory, the control-unit signals a cutback of the
fuelinjection quantity. A scope set to read four pulses for
simultaneous injection for four cylinders shows the limitation
cutback of every other pulse, one pulse every other crankshaft
revolution. See Fig. 4-26. if you press the engine into the
rpr-limitation range, you will feel a surge as the limitation of fuel
iniection cuts in and out.

ESWEENESN

Limitation

Fig. 4-26. Normal 4 pulses per two crankshaft revolutions, or
two 4-stroke cycles. RPM limitation cuts every
other injection pulse.
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Coasting Cut-Off

Signals of rpm, closed throttie, and engine temperature
contral coasting cut-off of injection. On the scope during coast-
down, the single-injection pattern iocks blank except for the
TDC pulse. See Fig. 4-27. No fuel is being injected. As rpm
approaches idle speed, the narmal pulse wiil show again. lfthe
engine is colder, normal fuei injection returns at some higher
rom, to prevent stalling. See Fig. 4-28. Motronic adds one
refinement: as fuel-delivery resumes, perhaps as the driver
resumes speed, ignitien timing is gradually advanced to
smooth the transition from fusl cut-off to cruise or acceleration.

/

Coasting cut-ofi

Normal

Fig. 4-27. Scope paltern for coasting cut-cff shows only
TDC pulse until injection resumes 10 prevent
stalling.

—

3800[ — Fuel ci.j?-off

3400 _\-—--- Ree;umé iuelAinjection
3000
2600
2200
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Engine speed {rom)

1400

1000
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0 T SR T T
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Fig. 4-28. Warm engine cuts off and resumes fus! at jowel
rpm than cold engine. RPM difference petwes? .
cul-off and resurme fuel prevents hunting.
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Electronic Throttle —Drive-By-Wire

Some of the newest Motronic systems have an electronic
throttle (also known as a drive-by-wire system). The electronic
throttle has no mechanical fink between the accelerator pedal
and the throttie valve. Instead, as shown in Fig. 4-29, an
accelerator sensor picks up your movement or position of the
accelerator pedal. It signals the contro! unit about pedal move-
ment, and the control unit signais the servomotor on the throttle
shaft to open. The efectronic throttle (Bosch calls it EGAS) may
sound like something nane of us needs, but it has many
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Diagnostics

Beginning with Motronic ML.3, diagnostic systerns in the
controf unit provide troubleshooting information. Each time you
turn the key ON, the computer checks itself. Then it checks the
sensors. Any defects are stored in the fault memory for tater
readout by a diagnostic device. During servicing or trouble-
shaoting, the actuators can be driven by short pulses so the
technician can hear or feel the actuation to pinpoint the prob-
lem. See Fig. 4-30. You'l see more about diagnostics in chap-
ters 4 and 6.

benefits,

Electronic control vnit

Throttie-valve _
servomotor Control unit I—- — — — —
Power
stages

Sensors =4y :22; ::\ N

1l
£> Actuators
|
I
I
I
I

———=
I
I
I

Fault Human
memory

i Diagnostic

I Accelerator sensor device

! B175INT.BCH

Fig. 4-29. Ekctronic throtlle sends accelerator signal to
Motronic controt unit. DC molor moves throttle
vaive, modified by engine lemperature, idle rpm,
and maximum rpm.

Fig. 4-30. Diagnoslics store trouble codes in fault memory
for readout by diagnostic device.

The more you study the manuals for different applications,
the more you'll realize how well engines can be managed by
Motronic injection and ignition control, and idle-speed stabili-
zation.

The throttle opening signal may be modified according to
naine rpm and engine temperature. it can provide simplified
5€ control. It can also control rminimum rpm, replacing the
'die-speed stabilizer, and control maximum rpm, replacing the
aMemate-injector cut-out. 5. D-JETRONIC
Ikaut‘there's more. For traction control, the electronic throttie
Swith the ABS (Anti-lock Braking System). The same wheel-
SPeed sensors of ABS alsc feed the ASR (Anti-Slip Regulator),
D(efs any driving wheel starts to slip, a slight brake application
Iive?ts that wheel from slipping s0 much that the differential
| S no Power to the other driving wheel. If both driving
mwerthOW $igns of sfipping, the electronic throttie cuts back
ray acg” maximurn traction. Traction control gives the car the
b EIE_ratlon the tires can deliver to the road. If faying down
Ke is your thing, avoid ASR, But for making the fastest

* YOU cannot beat it,

D-Jetronic was the first of the Bosch pulsed injection sys-
tems. 1 write about it at the end because the most recent cars
with Bosch D-Jetronic were the 1975 Volvo 184E and the 1975
Mercedes 450. In 1976, both changed to K-Jetronic, It's most
interesting to see how L-Jetranic evolved from D-Jetronic. At
the 1967 introcuction, Bosch called it ECGI, Electronically
Controlled Gasofine Injection, contrasting this new electronic
system with a long background of mechanically-driven injec-
tion pumps.

Bkeoff

Based on a cross-licensing of the Bendix Electrojector sys-
tem, which was briefly used in the U.S., D-Jetronic depends on

Can You tr |
ust the electronic th ? Will it provi in- : : e .
tendeq scronic throttie? Will it provide unin sensing manifold pressure as an indication of engine load.

betor Sacceleration? The system checks its safety circuits
“oft, and reports defects to the driver. If a defect is

al e X i You can refer to the L-Jetrenic section for details concerning
A wili ;pr-home creult may disable some of the functions, mast of D-Jetronic. The major differences are:
¢ rel “t;VOU 10 get to the house or the shop. It may well
Ll

'& than same cable actuated throtles, ¢ manifold-pressure sensor senses engine load

Molronic Systems
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e trigger-contacts in the distributor synchronize injection signals increasing load so the contrel unit increases the pulseg-

pulses time of the injectors. This is a succession of analog actions.

requiring no digital computation. D-Jetronic control units are

e Injectors are operated in two groups analog. When manifold pressure is low, as at idiing, the dia-

— 4-cylinder, 2 groups of 2: VW, Porsche, Saab, Volvo phragm cells expand, pushing the core into the cail; the elec-

— B-cylinder, 2 groups of 3: Mercedes, Volvo trical signal to the controt unit reduces the pulse-time, reducing
— 8-cylinder, 2 groups of 4: Mercedes the fuel injected per stroke.

to Intake
rmarfoid

Atmospheric /Y—Diaphragm cells

Bosch now regards manifold-pressure sensing as &
pressure

less accurate measure of load than measuring air
flow, as in L-Jetronic, and in K-Jetronic, of measuring
air mass, as in LH-Jetronic. For certain Bosch racing
applications, however, manifold-pressure sensing is
sometimes used. Manifoid-pressure sensing Is widely
used by GM, Ford, Chrysler, AMC, and some Toyotas, .
but the trend in passenger cars is away from -
manitold-pressure sensing. :

Manifold Pressure Sensing

As shown in Fig. 5-1, the pressure sensor is connected to
the intake manifold between the throttle and the intake valves.

The air-temperature sensor signais for correction for colder, Coil ] |
denser air. b— e
_ 10 Contro! Air lemperature Fig. 5-2. Culaway view of manifold pressure sensor
intake manifold unit SEnsOr ‘
Altitude, or density compensation is provided by the verting

Throttie— of one celi to the atmosphere. In the part-load range, botn

manifold pressure and atrmospheric pressure afe reduced with |
altitude, so the fuel-injection signat is tailored to the thinner air.

Trigger Contacts

Injection timing s determined by a set of trigger contact
points in the distributor. See Fig. 5-3. These contacts aré
mounted below the centrifugal weights of the ignition advance
mechanism. They are operated by & special cam on the dis-
tributor shaft. Bosch makes the distributor, too. The trigger
contacts provide a signal of crankshaft positicn for timing, and
of erankshaft rotation for ypm input. Because they are mounted
below the centrifugal weights, the trigger contacts are not
affected by distributor ignition timing action.

to Control unit

Pressure
D-Jetronic injectors are triggered in two groups. Each 4

sensor
stroke cycle, D-Jetronic fires each group once instead of firind -
i Fig. 5-1. Pressure sensor signals manifoid absolute pres- all twice as in L, LH, and Motronic systems.
] sure (MAP} downstream of throttle. i
As shown in Fig. 5-2, the pressure sensor contains two Acceleration |
f% pressure diaphragm cells that expand and compress accord- e ; g
:: : L X _SeeFig '}
ing to pressure. The inside of one is vente dto the atmosphere; Accc_alerat}on is com_pensated at the throttle switch el |
: h ; i ; . 5.4, This switch contains the full-load contact and the GIOSEY™" 4
it the outside of both is connected to the intake manifold pres- ; : ; i cov &
4 sure. When manifold pressure increases, the cells compress throttle contact as in L~Jetronic. But in D-Jetronic, i also ;
! 4 P tains a contact path for acceleration enrichment, As the throttie,

and pull an iron core armature into a coil, changing the elec-

. - ; X i i i i i e mixtur
trical signal to the control unit. Increasing manifold-pressure is opened during accelsration. the signal enriches ih i

by increasing the pulse time, and also by increasing the num'_?__'_ ;
ber of injection pulses. :

Motronic Systems




Trigger
Jints

Flg. 5-3. D-Jelronic trigger contacts are buill into the
distributor.

Resistance track-—— Contacts  Full-throttie/Idle
’/]_— contacts
‘ N /

Flg. 5-4. D-Jetronic throtlie-position sensor compensates
for part-throttle acceleration.

Pressure Reguiator

T};i;lna! ‘cfifference in D-Jetronic is the fuel pressure regu-
Wntin Fig, 5-5. It maintains constant pressure at 2 bar,
Wil the 2.5 orq bar of L-Jetronics. Unlike L-Jetronic, fuel
gt tcan be adjusted by the nut on the bottom of the
. “fj‘nconterl pressure on the spring. increasing the fuel
i aIJ[ ®8nrich the mixture and increase power, but not
s S o ee:jpm ranges. Also unlike L-Jetronic, fuel pressure
Srstem s o to be reiat'ed to manifold pressure because the
reacy ontrolling pulse-time, and therefore mixture,

"9 1o manifoid pressure.
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Diaphragm
from Fuel
pump

Pressure
spring

Plate——

Adjustment screw

Fig. 8-5. D-Jetronic fuel pressure can be adjusted at regu-
lator.

6. DIGIFANT i

Digifant Il is a Volkswagen cousin to Bosch Motronic, con-
trolling putsed fuel injection, electronic ignition, and idle speed
from the same control unit. it includes a knock sensor for
ignition-timing controt. First use is on 1988 8-valve engines in
Golf and Jetta, replacing Bosch K-Jetronic {CIS).

Similarities to Motronic:

® vane-type air-flow sensor on un-supercharged engines
(VW Corrado uses pressure sensor)
— A/F mixture is adjusted by bypass of unmeasured air
— intake air temperature sensor

® clectrically-opened pulsed injectors
® ignition timing controlied by control unit
® coolant-temperature sensor

® switches on throttle shaft
- closed throttle (idle)
— WOT

Similarities to K-Jetronic;

e idle-speed stabilizer valve with throttle bypass adjusting
screw

® fuel systerr:: pump, relay, filter; no accumulator

Digifant li differences from K-Jetronic or Motronic are
few:

® system pressure is specified with engine idle: 2.5 bar (36
psi) instead of engine off. Actuaily, engine-off pressure
(tomparabte to Bosch specs) is 3.0 bar, 0.5 bar higher
than many pulsed systems

Digifant il
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e service port for fuel-pressure testing

o idle-speed stabilizer circuit defivers fixed (higher) idle rpm
when coolant tempetature sensor is disconnected
— measuring current flow to stabilizer at idle shows fluc-
tuation 400-460mA, closed loop, causing 790850
rpm. Disconnecting sensor shows fixed 430mA, caus-
ing 930 rpm, open-lcop

e ignition timing is set with coolant sensor disconnected for
fixed idle rpm

& conitrol unit increases idie rpm for hot start

Digifant f!
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1. INTRODUCTION

In this chapter you'll see the troubleshooting and general
service procedures that apply to Bosch pulsed (EFI) fuel injec-
ton systerns. These include L-Jetronig, LU-Jetronic, LH-
Jetronic and pulsed Motronic systems. For more information on
now these systems work, see chapter 3, as wefl as the general
ciscussion of fuel injection in chapters 1 and 2. Unless other-
w52 indicated, alt service procedures are intended to apply to
2l puised systermns covered by this book,

These systems are nat mystaricus. When troubleshooting is
approached logically and systematically, most problems can

zasily fixed. However, fue! injection is not serviced as car-
« elors once were; it does nat respond to simple adjustments
«ih a screwdriver while a practiced ear listens for the smooth-
«dle point. You must understand the function of each COMpGC-
L how {0 isclate a problem, and how to correct it. That is
nothing more than standard troubleshooting.

There are many tests in this chapter, You'l! make some
wien the engine is warm, and others when the engine is coid.
fnmost systems there are ways to send hot or cold engine-
temperature signals to fool the fuel-injection control unit. But if
you are testing the system “as is', remember that “engine
¢ means shop temperature: the engine has not run for
several hours. "Engine warmy’ means normal operating tem-
perature: the upper radiator hose is too hat to hold. “Engine
“we-cold” means near freezing; the car has been outside in
~nter weather for several hours,

Fig. 1.1, Though engine compartment may look intimidat-
0. you can troubleshoot and repair fuel injection
rablems if they are approached logically.

11 Toglg

v

¢ selection of good guality tools for
“ANMing | wrench_es_, sockets, sprewdrivers, pl_f’ers,
9M9ht - some specialized tools will also be required.
;:j:s;gs’rportant tool you can have is the factory repair
it “ar. It contains ali the specifications, compo-
A7 procedures for your specific model. When

combined with the detailed testing procedures autlined in this
book, you'll understand what you're doing, and why you're
doing it.

Many of the efectrical tests in this book call for the measure-
ment of resistance (ohms) or voftage of sensitive electronic
components. A digital, high input impedance voltmeter will
register miltivolts and milliamps, and will not overload electronic
components,

A test light is also needed to indicate current fiow. For
component protection it should be an LED {Light-Emitting
Diode) test light. it should not have an incandescent bulb,

A fuet pressure gauge, such as the one shown in Fig. 1-2,
Is required for fuet pressure tests. And finally, access to an
exhaust-gas analyzer (or CO meter} is required for some tests,
and for cthers {though not required), it will make the tests or
adjustments more accurate.

KDJE-P100

b

J

Fig. 1-2. Bosch fuel pressure gauge. Bosch gauge reads to
6 bar (87 psi, but for pulsed systems, any gauge
that reads 10 4 bar (60 psi) is fine.

1.2 Safety

If you haven't already, read the generat Warnings at the
beginning of this book, and follow basic safety rules, as well as
those specific to fuel injection.

WARNING weem

*Gasoline fuel is one of the most concentrated
sources of energy around. Keep any spilled fuel
away from hot engine parts, and confine the fuel
Spray during any injector testing or opening of fuel
lings, Do not smoke or create sparks when fuel is
present, and aMays have a fire axtinguisher
handy. Work in an area that is well ventilated.

introduction
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& Fuel injection systems operate under pressures
much higher than other fuel systems. See Fig. 1-3.
Confine the fuel spray during any injector testing
or opening of fuel fines to minimize the chance of
a fire.

e Remove jewsiry, metal watches, and watch-
bands; if one of those shorts & circuit, you may
wear the scar the rest of your life.

_® An engine has the power 0 crush you. If you run

the engine of a car with an autornalic transmission
while testing, do not trust your Jife to the FPARK
position of the lever. Set the parking brake and
chock the drive wheeljs. Avoid working in front of
the bumper whenever possible.

Bosch

Bosch
Typical continuous
carpuretor injection
syslem
B205INT.BCH

Fig. 1-3. Bosch fuel injection systems operale at high pres-
sures.

1.3 General Precautions

To ensure that you den't damage the engine or fuel injection
system inadvertently, follow these general ptactices whenever
working on the car.

Cleanliness

Dirt is the tirst enemy of fuel injection systems. Even minute
particies can clog the smail orifices of the components. Before
you open a fuet fitting, wipe it clean with a solvent.

If the systern is open, avoid using compressed air and don't
move the car unless necessary. If you leave the job unfinished,
cover removed parts and system openings with plastic, not
cloth. When installing new parts, unwrap them just before
installation.

Introduction

Working Practices

For many tests, such as compression checks or cylinder
balance checks, either disable the fuel injection systern or keep
the duration of the test short. Cranking a fuel-injected engine
without starting it can deliver raw fuel intc the cylinders, and
#om there into the exhaust system. On cars with catalylic
converters the converter may overheat and melt down when
the engine is restarted.

To prevent straining or twisting fue! lines when disconnect-
ing them, use two wrenches as shown in Fig. 1-4. Hold one hex
fitting with one wrench while loosening or tightening the other
fitting with the other wrench,

=
Fig. 1-4. Correct way to opan fuel injection knes To pravent
damaging lines. use two wrenches Chean fugl ine
union belore opening.

Always use new gaskets, O-rings and seais when recon-
necting lines or installing components. Many of these seals are
designed to crush on tightening. it a crushed seal is reused. it
may leak immediately or worse, it may develop a leak later a5
you drive.

Adfter any work on the fuel-injacticn system, check idie rpm
and the air-fuel mixture as described in 6.1dle Speed and 7
Mixture (CO) and Lambda Control.

Avoid excess voltage or voltage spikes to the control unit.

g from

Most fuel injection systems since 1980 are protecte .
dition

surge and overvoltage, but watch for the following con
which may damage any system:

e Check for disconnected or loose battery connectons
Alternator output goes Lp as sensed battery voltage goes
down, and an open battery circuit will cause the alternat
to deliver excess voltage that could damage the cont?
unit, as well as the car’s wiring harnesses.
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& Avoid the use of high-voltage battery boosters or charg-
ers. Anything greater than 16 volts is potentiaily harmful.
Be aware that some service stations use 24-volt boosters
to turn over engines in sub-zero weather.

* Do not disconnect a booster or charger with the engine
running with a minimai electrical load. This can cause a
voltage spike. This may seem strange if you've just man-
aged to start a cold, dead engine, but add foad for the
moment it takes to disconnect the cables by turning on the
lights and blower or rear-window heater to load the
boosted-car electrical system,

» D0 not disconnect or reconnect the wiring-harness con-
nector to the control unit with ignition ON. This can send
a damaging voltage spike through the control unit,

2. TROUBLESHOOTING

This four-part section covers the troubleshooting of pulsed
fuel injection systerns, based on observed problem symptoms
that may be the result of a fault with fuel injection.

The first part of the section is a troubleshooting table that will
help you to narrow down your tests to specific components or
areas of the systemn. The three other parts of this section are
general treubleshooting procedures which are not component-
specific, but which are fairly easy to perform. In most trouble-
shoating, performing these simple checks first may save you
any further testing of the system.

ltis not possible to directly test the electronic control unit
without highly specialized equipment. If you troubleshoot all

other areas of the system and they check out ok, only then
should you suspect that there may be a fault in the control unit.

2.1 Troubleshooting Basics

The basic function of the fuel injection systemn is to supply
and meter the correct amount of fuel to the engine in proportion
to the amount of air being drawn into the engine to achieve the
optimum air-fuel mixture. Any problems with electrical connec-
tions, air intake sensing, or fuei supply will cause poor running.
Any troubleshooting should begin with simple and easy checks
of the tightness of system wiring and the integrity of the air
intake system. Proceed from there to more invoived trouble-
shooting.

Generally, fuel injection probiems falf into ore of four symp-
tom categories: cold start, cold running, warm running, and hot
start. Warm running is the most basic condition. Before trouble-
shooting a condition in any other category, make sure that the

system is working well and is properly adjusted for warm
running.

To simplify troubleshooting concentrate on the sensors and
components that adapt fuel metering for a particular condition.
For example, if the engine will not start when cold. the COMpOo-
nents responsible for cold start enrichment are most likely at
fault, and should be tested first.

Table a lists symptoms of Bosch pulsed fuel injection prob-
lens, their probable causes, and suggested carractive actions.
The boldface numbers in the corrective action column indicate
headings in this chapter of the book where the test or repair
procedures can be found.

Table a. Troubleshooting Bosch Pulsed Fuel Injection Systems

P

Symptom

e

Probable cause

Corrective action

. Colg start-Engine
stants hard or fails to
$tart when cold

a. Cold stant system fauity

b. Fuel pump not running

¢. Engine temperature sensor faulty
d. Fuei pressure incorrect

e. Air-flow meter faulty

1. Fuel injectors faulty of clogged

a. Test cold start valve and thermo-time switch, or cold start
system. 4.

b. Check fuel pump fuse andg pump reiay. 2.3

¢. Test sensor. 4,

d. Test fuel pressure. 3.2

e. Test air-flow meter. 5.1, 5.2

f. Test fuel injectors. 3.4

F—

2 Hot start-Enging’

$ans harg or fails to
$art when warm

a. Insufficient residual fuel pressure

b. Cold start valve leaking or operating
centinuously

¢. Fuel pressure incorrect

d. Air-flow meter faulty

a. Test residual pressure. 3.2
b. Test cold start valve and thermo-time switch, 4.1

c. Test fuei pressurg. 3.2
d. Test air-flow meter. 5.1, 5.2

1 ;
Engine stalls or idles

fC»Ugmy {cold or
Wwarm)

)\

a. Vacuum (intake air} leak
b. Idle system fauity

a. Check for leaks. 2.4
b. Test auxifiary air reguiator or idle speed stabilizer. 6.1, 6.2

continued on next page

Troubleshooting
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Table a. Troubleshooting Bosch Pulsed Fuel injection Systems (continued)

Symptom Probable cause

Corrective action

3. Engine stalls or idles
roughly {cold or
warm) cont'd.

Engine temperature sensor faulty
. Air-flow meter faulty
. Cold start system faulty

o0

™~

Fuel injectars faulty or clogged

¢. Test sensor. 4.

d
e

f.

. Test air-flow meter. 5.1, 5.2

. Test cold start valve and thermo-time switch, or cold start
system. 4.

Test fuel injectors. 3.4

control unit
b. Engine running rich

g. insufficient fuel pressure or fuel g. Test fuel pressure and delivery. 3.2, 3.3
delivery
4, Engine idles too fast a. Vacuum (intake air} leak a. Check for leaks. 2.4
k. Idle system faulty b. Test auxiliary air requiator or idle speed stabilizer. 6.1, 6.2
§. Engine misses, a. Throttie switch faulty or misadjusted a. Test throttle switch, 5.3
hesitates, or stalls b. Fuel injectors faulty or clogged b. Test fuel injectors. 3.4
under load ¢, Vacuum {intake air) leak ¢. Check for leaks. 2.4
d. Air-fltow meter faulty d. Test air-flow meter, 5.1, 5.2
e. Insufficient fuel pressure or fuel e. Test fuel pressure and delivery. 3.2, 3.3
delivery
6. Low power a. Throttie valve not opening fuily a. Check throttle valve adjustment, 5.3
b. Insufficient fuet delivery b. Test fuel delivery. 3.3
¢. Throttie switch faulty or misadjusted ¢. Test throttle switch. 5.3
d. Air-flow meter faulty d. Test air-flow meter. 5.1, 5.2
e. lgniticn system faulty (Motronic e. Check ignition timing and knock sensor control. 8.
systems only)
7. Failed emissions test | a. Faulty lambda sensor or electronic a. Test lambda control system. 7.2

b. Check air-fuel mixture. 7.1

2.2 Engine Condition

The fuel injection system is set to operate on an engine that
is in good operating condition. Because the fuel injection sys-
tem is often the "new item’, some people waste time checking
it when the trouble may be with basic engine operation. It is a
good idea to use the car manufacturer's shop manual to
perform a tune-up, and to check the following systems before
tackling the fuel injection system.,

1. Ignition system. Check timing, including advance and
retard control, ignition components and spark quality.

2. Electrical system. Check baftery condition and connec-
tions, and alternator and voitage regulator.

NOTE ==

Voltage spikes caused by bad alternator diodes
or a faulty regulator can fool the fuel injection
controt unit and cause an engine miss, Check
this by disconnecting the wire from the alterna-
tor to the battery with engine stopped, and then
start the engine. If the missing stops, then per-
form a complete charging systemn test.

3. Airintake system. Check the air filter, PCV and crankcase
connections, and the evaporative emission connections.
A loose oil-filler cap or dipstick can lean the mixture by
admitting extra air to the intake manifold through the PCV

Troubleshooting

valve. The vapor canister can enrich the mixture by
admitting fuel vapors into the intake manifoid througn the
canister purge valve.

4. Fuel system. A clogged filter may reduce fuel flow. A
faulty fuel filler cap or tank vent valve may create gas tank
vacuum and reduce fuel flow. Be sure the car has fuelin
the tank.

5. Mechanical operation. Check grade and condition of
crankcase oll, compression, valve timing, and the ex
haust system,

2.3 Electrical System

Whenever working on the wiring, take care to avoid bendind
any pins or connectors. Use flat pin probes if possible. Inserting
the probes of a volt or chmmeter too far into a wiring conneclof
may spread the contacts and create a new problem.

Relay Set and System Power

A faulty relay set may prevent the fuel pump from operating:
or prevent power from reaching the control unit. Remove t
connector from the relay set, and with the ignition on, check
voltage at the terminals of the connector as shown in Fig- 290“
ifthere is voltage, then the relay setis probably faulty, but ch a5
the continuity of the wiring to the pump and control unit &
described below just to be sure.

H
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Fig. 2-1. Power supply at relay set wiring connector being
checked Check your shop manual for refay set
location and tarminals.

Wiring Harness, Connections and Grounds

Strange as it may sesm, the components of puised systems
ssually give less trouble than the wiring harnesses and con-
nectors that link thern. Even smali amounts of corrosion or
oxidation at the connector terminals can interfere with the small
wifiamp currents that signal the system to operate. This prob-
lem is compounded by the several ground paths provided to
insure reliable operation. More than one owner of a “bad”
ontrol unit or component has paid for replacement when the
Problem was in the wiring. In many cases, cleaning connectors
a  ounds may solve fuel injection problems.

Identify all wiring connectors and ground locations using the
'ShOD manual. The ground locations should be secure and free
oM corrosion or grease and oil. With the ignition off, discon-
.ﬂect tha wiring Connectors, including the control nit cornec-
:e*q and also check them for corrosion or dirt, Simply discon-
o ng and reéconnecting the connectors will clean up the

‘aCTS_. but you can aiso use a contact cleaner designed for
“*eCUonic Components.

h.a,,?ont forget _tc_» check for breaks or shorts in the wiring
°SS. A fuel injector or temperature sensor may be good,

" U;r“""””g o the control unit may be faulty. You can check
ooy L? an ohmmeter, With the ignition off, disconnect the
- Mt connector and test for continuity between the
Doﬂeljt terminals and the corresponding terminals at the

. 'Ca‘:"m CDnnecto_r, A reading of zero ohms or very close to

©s that the wiring is fine,

.

S?gs‘tzegecvicai tests of the components can be combined
. Of the wiring harness by removing the control unit
o 20T a0 then testing between the two pins that iead to a

Mt as shown in Fig, 2.2,

Fig. 2-2. Making efectrical resistance tests of systern com-
ponents at the control unit connectcr checks wiring
continuity as well as components. Be sure 10 use
fiat probes shown to avoid bending connector ter-
minals.

2.4 intake Air Leakage

Another likely cause of troubte in pulsed systems is air leaks
between the air-flow sensor and the intake valves. These leaks
are often called “faise air” because 1 is air that has not been
measured by the air-flow sensor. As a result, the control unit
may not provide fuel to burn with the excess air, leading to a
lean condition and driveability or emission problems. These are
often indicated by hesitation when the engine is cold, or surg-
ing at idle. Note that on systerns with adaptive controi, false air
is rarely a problem unless the leak is very large.

False Air Checks

If you suspect an air intake leak, there are many possible
sources, as shown in Fig. 2-3, The soft rubber ductwork can
crack and spiit with age and underhood heat. Check clamps for
tightness. Don't forget the vacuumn hoses to the brake booster,
the fuel pressure regulator, the evaparative fuel controf system,
and other places, such as vacuum diaphragms in the heater
systern inside the car. Check the intake manifold connection to
the cylinder head, fuel injector seals, the auxitiary air valve, and
the EGR valve, if fitted. Check apenings to the crankcase, such
as the dipstick, PCV valve, and oit-filier cap for air-tight fits.
Check anything downstream of the air-flow sensor that could
leak air intc the systern.

Check for leaks by pressurizing the intake system with air
and then spraying a leak detector on the suspected area. An air
hose inserted into the fitting for the auxifiary air valve or the idie
speed stabifizer can be used to apply low pressure; only about
0.3 bar (5 psi) is needed. A spray botle of soapy water can
serve as a leak detectar. Block the throttle so that it's open. Any

Troubleshooting
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bubbies will indicate a teak. Also listen for the sound of escap-
ing air. See Fig. 2-4. You may have to plug the air-flow sensor
imake and the exhaust tailpipe to hold encugh pressure in the
system,

Fig. 2-3. Arntake leaks or “false air” can come from many

sources [@rrows) and cause dnveabibty prob
n 1o rubber ductwork ang hosos whack
othor areas such as fuel injector seals and engine
valve cover

i A

Fig. 2-4. For sunpie test for vacuum leaks use spray boltle of
soapy waler and ar pressure hose. Spray sus-
pacted area with solution Bubbles indicate a leak.

Troubleshooting

NOTE ——

On systems with an air-mass sensor, it is nec-
essary 1o block the sensor inlet to hold any
pressure in the system. A styrofoam coffee cup
clamped in the air-mass sensor inlet makes a
handy temporary plug.

An alternate jeak-detection method involves squirting sol-
vent around suspected leak locations with the engine idling. An
rpm increase indicates a leak. Be sure 1o use an approved
solvent with a high-temperature flashpoint. You can also use
propane, which tends to be drawn in better than solvent.

Rermember though, if the engine has an idle-speed stabi-
lizer, it will mask any rpm increase. I you can sample CQO in the
exhaust ahead of the catalytic converter, look for CO increase
some seconds after applying the solvent as an indication of an
air leak.

To correct a leak, start by tightening clamps; you might have
to replace the hose or ducting, or replace a gasket. Remember.
it's the small intake air leaks that cause trouble, where the
engine runs, but poorly. if there’s a big air leak, the engine
probably won't run &t all.

3. FUEL SupPLY
Incorrect fuel pressure or poor fuel delivery can cause:
® hard starting
e rough idle
& poor mileage
® |imited maximum rpm
e incorrect idle CO
® and other emission problems.

If problems with the fuel system are suspected, begin Ie?"
ing by making sure that the pump runs when the ignitien 1§
turned on. If not, check the wiring and relay set as descriped i
2.3 Electrical System and make sure the relay is receiving the
signal indicating the engine is turning over. On some rnodels
this comes from the aie-flow sensor, on others it comes from the
ignition system, Continue to check basic system pressures
fuel delivery, and operation of the fuel injectors.

3.1 General Information

All of the pressure tests and many other tests of the fud
injection systemn, as well as component service and repld
ment, require either one or all of the following procedures: !
relieving of fuel pressure, the instaliation of a pressure Qaum
and the operation of the fuel pump without running the end'
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Refieving Fuel Pressure

The fuel system is under pressure even when the engine
st running. The fuel pump check vaive holds pressure in the
system for many hours after the engine is turned off. To prevent
fuel from spraying over yourself and the engine when opening
atuelline. there are three good ways 1o relieve pressure in the
ines.

s Neat: pull the fuel pump fuse, then crank/run the engine
| until it dies

* Quick: wrap the fuel fitting in a shop cloth and loosen it,
but it can be tricky and messy manipulating twe wrenches,
he fuel ling, and the cioth

® Fancy: connect a hand vacuum-pumg at the pressure
5 regulator; when you pump vacuum, the reguiator wilf
dump pressure to the fuel tank

Always remember to remove the fuel-tank cap to relieve
vressure in the tank. Pressure in the tank can be enough to
squirt fuel from the fines after they're open.

Fig. 3-1, Alvays remove fuel tank cap before opening fuel
fine. Tank pressure can lorce fuel oul open line.

installing Fue! Pressure Gauge

. ,fh‘e{ fuel pressure is relieved, install the fuel gauge. The
:m ;,?I?CG’T to install the Gauge is at the special service port on
E&_;'”‘c‘:" rail, as shown in Fig. 3-2. ff the system doesn't have &
sgd;,: : eIDOFt, the Jauge can be connected to the cold start valve
m.:; Y Jﬂe Or, with a T-adapter, to any other place in the high
o Ure side of the fuel supply, such as the pressure regulator

Operating Fuel Pump for Tests

Trer .
. m"‘ 478 two basic methods to jump the circuit and operate
P dependi

T g on the type of air-flow sensor installed in
g Th - Use the wiring diagram in the car shop manual to
- © PUMD circuit and the correct terminals for your

T

The first method is for air-flow sensors with a 6 or 7-pin
connector plug, This is generaily on 1974-1978 modeis. Jump
the safety circuit at the air-flow sensor as shown in Fig. 3.3,
using a fused jumper wire and a switch. Turn on the switch to
operate the pump.

Fig. 3-2. Fuel pressure gauge connected to so

Porsche 944 fuel ral Relleve Sy
betore disconnecting lines or nne MY SOING |

Fig. 3-3. Operating fuel PUMD without running engine on
models with 6-or 7-pin air-ilow sensor connector
piug. Consult car shop manual for correct termi-
nals.

The second methogd applies to cars with a 5-pin air-flow
sensor connector plug. These are generaily post-1978 cars.
Jump the safety circuit with a fused wire at the relay set as
shown in Fig. 3-4. Consult the wiring diagram in the car shop
manual for the correct terminals, Turn the ignition to CN to run
the pump.

There is a third methcd, whers pushing the air-flow sensor

air flap open with the ignition ON will run the pump, but that only
works on early L-Jetronic sysiems.

Fuel Supply
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Fig. 3-4. Operating fuel pump without running engine on
madels wilh 5-pin air-flow sensor connecior plug.
Conaull car shop manual for correct terminals,

3.2 Pressure Tests

Fuel pressure which is o0 high may richen the air-fuet
mixture, while fugl pressure too low may lean the mixture. The
foliowing procedures test for Hasic system pressures, as well as
tor causes of incorrect pressures. For the tests, relieve system
pressure and install a pressure gauge as described in 3.1
General Information,

System Pressure

There are two parts to testing system pressure in order to
check pressure regulator function. In the first part, with the
engine idiing, the gauge should typically read about 2 bar (29
psi) as shown in Fig. 3-5. Check your shop manual for the
correct specifications for your model. Many specifications may
read 2.5 bar (36 psi), with a tolerance from 2.3 to 2.7 —-but
rermember, that's when testing with the pump running with the
engine off. Here, the test checks reguiation of fuel pressure by
the fug! pressure reguiator.

i

Fig. 3.5. Normal operating fuel pressure with engine iding
and fuel pressure regulator connecied 1s 2 bar (29
psi) Check your shop manual for correct specifi-
canons

Fuel Supply

For the second part of the test, with the engine still idling
disconnect the vacuum line to the intake manifold and close it
off. Because the pressure regulator senses higher barometric
air pressure than manifold pressure, fuet pressure shoutd rise
to about 2.5 bar (36 psi) as shown in Fig. 3-6. This most likely
is what your shop manual specifies.

Fig. 3-6. Normai operating fuet pressure with engine <0G
and fuel pressure regulator disconnected s 2 5 oar
(36 pai).

Pressures that are too low or too high indicate a problem
either with the pressure regulator or with fuel delivery. Check |
the pressure regulator first as described below, before check:
ing fuel delivery.

Checking Fuel Pressure Regulator

if system pressure tests do not show the 0.5 bar pressure
drop with the vacuum line connected, check the vacuum line
for leaks. ¥ the line is sound, the regulator is faulty.

it systern pressure is low in both parts of the test. the
regulator could be returning too much fuei or the fuel pump
may not be delivering properly. You can ginpeint the proiiem
by pinching off the return line as shown in Fig. 3-7. Do this
slowly to avoid a sudden pressure surge that could ruin the
gauge. If the gauge shows 4 bar (59 psi) or above, the fuek
pump refief valve is working, so the regutator is fautty. If the
pressure did not rise, there is a problem with fuel delivery:
which should be checked as described in 3.3 Fuet Deiivery

If system pressures are 100 high, temporarily remove th?

fuel pressure regulator return line. Attach a short hose 10 the
pressure regulator outlet and direct it into an unbreakad
container. Run the system pressure test again. f pressures
now correct, then the fuel retum line is blocked. If pressure®
still high, the reguiator is faulty.




Fig. 3-7. Fuel pressure reguiator return ling being clamped
to check reguiator function.

Residual Pressure Test

With the fuel pressure gauge installed, run the engine or fuel
pump Drisfly to build up system pressure, then shut off the
engine. After 20 minutes, pressure in the system should not
have falien below 1 bar (14.5 psi) as shown in Fig. 3-8.

B169INT.BCH

r

Fig. 3-8, Resicual pressure should not drop below 1 bar
(14.5 psi).

fithas, there gre many possible sources of leaks that could
Make sm?éiisu{e' .C_heck ail fuel line connections for teaks.
Test e oo ® fuelinjectors and cold start valve are not leaking.
v.'m_.g " ﬁpump check vatve by running the engine and then
Ly Dumpoﬁ' Immediately clamp shut the suppiy line from the
Dessirg the Pressure drops below specification, then the
%;mm eGulatar is faulty. If the pressure is now within spec-

118N the fug PUMp check valve is faulty,

3.3 Fuel Delivery

For the fuel system to deliver sufficient fuel 1o the injectors,
the fuel lines must be clear of blockages and the fual pump
must be able to pump a specified volume of fuel. The fuel
delivery tests assume that the fuel pressure reguiator has been
tested and is working properly.

Checking Fuei Delivery

To check fue! delivery, disconnect the return line from the
fuel pressure regulator. Run the pump without running the
engine as described in 3.1 General Information and catch fuel
in an unbreakable container as shown in Fig. 3-9. Be sure the
container is large enough. Most manufacturers specify a deliv-
ery of one liter in 30 seconds or tess, but check your manual.
YGu can either deliver fuel to the specified measure, shut off the
pump and check the time, or run the pump for the specified
time period and see how much has been delivered.

Fig. 3-8. Checking luel-pump delivery volume,

It defivery is not to specification, replace the fuel filter, and
Blow compressed air through the supply tine to be sure it is
open. Check the fuel pump as described below. Whatever you
repair or replace, recheck fuel pump delivery, even if a new
pumMp is instalted.

NOTE =

Wet the interior of the fuel filter with gasoline
before installation. This will help prevent possi-
ble tearing of the filter element when the pump
is first started.

Checking Fuel Pump

You can check the fuel purnp for voltage and ground as

shown in Fig, 3-10. With the pump running, you should see
close to 12 volts at the positive terminal. The negative terminat
should show a good ground, zero resistance, If not, clean the

Fuel Supply
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terminals and check the wiring. If voltage supply and ground injector on the same circuit from the control unit {check your
arg fineg, but delivery volume is still low, the pump must be wiring diagrams). If the same injector is still faulty, then reptace
repiaced. the injector; if the injector now works, check the wiring.

Fig. 3-10. Fuel pump being checked for voltage and ground
at the pump. Peel hack protective wiring boot for
access to pump terminals.

3.4 Fuel Injectors

There are a number of methods to test check the operation
of the fuel injectors. In addition to those listed here, don't forget
to check the wiring to the control unit. Also note that while the
injectors may appear 10 be operating correctly, even a small
amount of injector clogging can affect engine performance.

CAUTION —

Do not apply voltage to the fuel injectors in an
afternpt to test them. Excessive voltage will burn
out the injectors.,

Vibration Test

A quick method is to check for injector vibration — indicating
that they are opening and closing —while the engine is idling.
Itthey're too hot to touch with your fingertips, use a mechanic's
stethoscope or a screwdriver as shown in Fig. 3-11. You should
h_ear a buzzing or clicking sound. No vibration, or a different
pich of vibration in one versus the others, indicates a bad
injector or harness connection. Interchange connectors with an

Fuel Supply

Fig. 3-11. Pulsed fuanayocion speranon can b oh ol
placing screwdrver Lp against in@cior B, and
stening for chcling sound.

RPM Drop Test

With the engine idling, ¢check rpm drop as you disconnect
the injector connectors, one at a time. For example, if you read
860 rpm with all four injectors operating then you disconnectan
injector, look for a drop to about 770 rpm, and a return to
normal when you reconnect it. if there's no rpm drop, either the
injector or its wiring is faulty. If possible, replace the injector first
to narrow the cause,

i the engine has an idie speed stabilizer, the rpm drop may
not be noticeable unless you freeze the idle speed at a fixed
rprm before the test. Depending on the car, this can be done by
grounding the appropriate test connector, as shown in Fig.
3-12, or on other cars by simply pulling the idle speed stabilizer
wiring connector. Check your shop manual for moré
information.

10 stabikze scle on cars wih idle spaed
Check your shop manual for correct CON®
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Injector Leak Tests

Fuel injector ieaks can occur at the seams around the body
of the fuel injector and bleed off fuel pressure, causing hot-start
problems. Clean off the injector and look closely for seepage.
The injectors usually leak most when they are cold.

The injector pinties shouid also be checked for leakage.
Remove the injectors and the fuel rail with the injectors stll
attached. Run the fuel pump without running the engine to
buitd up fuel pressure. If any of the injectors leak at the rate of
more than two drops per minute, the injector may be clogged.
Clean the injectors as described below. If that does not help,
replace the injector,

7

' o ';r' Ch(-)(:k for
‘-4 leaks

Fig. 3-13. Check wector for any leakage

Electrical Tests

Remove the harness connector from each injector as shown

3-14 and use an chmmeter to test the resistance across
e injector terminats, The resistance depends cn whether
Mere s g Separate set of series resistors in the system or not.
Check Your manual for the correct specifications. If the resis-
ance g incorrect, replace the injector.

/

n

E
'9. 3-14. Hamess connactor baing removed from injector.

On models with an additional set of series resistors in the
fue! injection wiring harness, the fesistance of sach serieg
resistor shouid be fram 5 to 7 ohms. With the ignition on, there
should be from 11 ¢ 125 volts present from terminals 43/1 and
43/2 of the resistors to ground on the chassis. Again, check
your manual,

Fuel Injector Clogging

A clogged fuel injector can be indicated by rough idie, a
stumble or hesitation during acceieration, or a failed emissions
test. Fuel injector clogging is caused by & buifdup of carbon
and other depesits on the injector pintle. This reduces the flow
of gasoline through the injectors and results in a poor spray
pattern. See Fig. 3-15,

Fig. 3-15. Effect of iyel whector clogging While new imector

{top) bas good spray palters clogged njector
(bottom) has poor patlermn ans flow rate of 50%
loss

Causes of Clogging

Ciogging is the resuit of the combination of a number of

factors:

* high underhood temperatures on smaller cars
 fuel being metered at the tip of the injector
® short driving cycles followed by hot-soak periods

*® low-detergent fuels with a high carbon content and low
hydrogen content

The worst clogging seems to oceur with driving cycles

where the car is driven for at least 15 minutes, ensuring full
warm-up, then parking for about 45 minutes or more. While the

Fuel Supply
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engine runs, the injector tips are cooled by the fuel flow. After
shut-down the engine acts as a heat sink and temperatures
climb, particularly at the valves and manifolds. Injector-tip tem-
perature climbs equally high, and the smali amount of fuel that
is in the tip of the injector breaks down and causes the deposit.
Considering the smali quantities of fuel that the injector meters,
and the tiny orifice of the injecter tip, it doesn't take much to
restrict the flow, as shown in Fig. 3-16.

Crifice / \ .
Deposits

Pintle ;

There are a number of special kits used by repair shops to
flush out deposits. Also, pouring a separate additive in your gas
tank can often clean injectors in a short time as shown in Fig.
3-17, but in some cases this may free other deposits that can
clog the fuel system. Be aware that some gasoiine additives
that cure clogging can cause carbon deposits on the intake
valves. These fluffy deposits absorb fuel and cause rough idle
and hesitation, especially in cold running conditions. Check
with your car manufacturer for a recommended gasoline or
additive,

Base One tankful with
fuel additive concentrate
Clean 100 -
Injector 4 Py
—————— o
95 - // Vi
injector 3 /i
_______ / /
Percent of 9C ; //
clean injector injactor 1 .
flow 85 -—— //
Injector 2 |/
ao{* "
75 f T r—
G 200 400 00
Kilometers

Fig. 3-16. Enlarged view of luel injector tip. Small injector lip
orifice means that very small amounts of deposits
will affect engine perlormance.

Normally, one injector clogs before the others, reducing its
delivery so that the cylinder runs lean. The lambda sensor
compensates by enriching the mixture for all cylinders, which is
in turn too rich for the cylinders with unclogged injectors. The
resuttis a rough idle. The engine will most likely fail an emission
test, and will send you to the gas pump more often, because it
can lose as much as 25% fuel economy.

Solving the Clogging Problem

The first step towards soiving the problem of fue! injector
¢iogging is to determine whether one or more injectors is
indeed clogged. The injector leak test described above gives
one indication of a possible clogged injector. There are also a
number of tests that any good repair shop can perform. Oneis
called a pressure-balance test, where each injector is triggered
with a fixed pulse and the pressure drop in the systern is
measured. It one has a greater pressure drop, it's most likely
clogged.

The tendency to form injector deposits varies considerably
depending on the fuel, Many cases of injector clogging can be
cured by using premium fuels where manufacturers advertise
more detergent additive. Most regular unleaded fuels probably
have enough detergent to keep unclogged injectors clean, but
they won't dissolve deposits on clogged injecters,

Fuel Supply

Fig. 3-17. Graph showing effect of adding luel-injec-
tor-cleaning addilive 1o one tank of gas.

Change your driving cycle if you still get clogged injectors
with all fuels. Avoid the hot-soak after driving by adding a
special fan that meunts in the engine compartmeant and coals
the injectors after the engine is shut off. Both Audi and Nissan
have such fan kits as stock parts. If you can't get good fuel, or
if you want the best protection, it may be possible to install
redesigned injectors. New-style Bosch injectors are designed
with & chimney to help carry heat away from the injector tips as
shown in Fig. 3-18. They are available as aftermarket replace-
ment on some cars, 50 check with your car manufacturer's
parts department for more infarmation.

. X
Pintle .

Chimney

Fig. 3-18. New-style Bosch pulsed fuel injectar showing
chimney that reduces injector tip temperature.
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Many cars may need to have their injectors cleaned on a
regular basis, but with widespread distribution of fuels of in-
creased quality, the great injector-clogging problem may pass
into history.

4. START AND WARM-UP TESTING

Two types of starting systems are employed on Bosch
pulsed fuel injection systems. The more common uses a
thermo-time switch and cold start injector to supply additional
fuei during cold starting. A second type, employed on some
systems, does not have a cold-start injector or thermo-time
switch. Instead, it has a start control system, which increases
port injecter pulse time for additional fuel,

Engine Temperature Sensor

A faulty engine temperature sensor can affect pulse-time
signais to the injectors in ali pulsed systems, leading to lean
running when cold, or rich running when warm. Make resis-
tance checks at the temperature sensor as shown in Fig. 4-1.
See Table b for temperature sensor resistance values based
on sensor temperature, For & more accurate test, remove the
switch and cool or warm it in water as necessary.

Fig. 4-1. Engmne temperalure sensor rosistance values he-
ng checked. See Table b for correct valuss based
on sensor lemperature.

Table b. Engine Temperature Sensor Resistance

Checks
Temperature Resistance
88°F (20°0) 2000-3000 ohms
176°F (80°C) 250-400 ohms

Cold-Start Injector Tests

Locate the cold start injector on the intake manifold. Inspect
it for any external leaks. Remove it and disconnect the wiring
connector, but leave the fue! line connected. Use a spare wiring
connector to fabricate a jumper wire. Attach the wiring connec-
tor to the coid-start injector, then attach one wire from the
cannector to ground and connect the other 1o the plus terminal
of the ignition coil. Use an approved cannector to minimize the
chance of sparks. This wiring bypasses the thermo-time switch
and the relay set.

WARNING s
Performing these tests will spray gasofine and
that's a fire hazard. Aiways keep a fire extinguisher

handy.

Run the fuel pump without running the engine, as described
in 3.1 General Information. When the ignition is turned on to
apply voltage, the cold-start injestor shouid spray as shown in
Fig. 4-2. If the spray is uneven, or if there is no spray, the
injector is faulty and shouid be replaced. A few seconds of
spray is enough. Turn off the ignition when done and stop the
pump.

|

- ww
[ o coi + lerminal

:;,:;,ffizfé

e N

Fig. 4-2. Cold-start mpector bemng tested. When fue! system
18 pressunzed. njector should spray when voltage
is applied to terminals,

When the ignition is shut off, wipe the tip of the cold-start
injector dry. Aun the purmp briefly again to build up fuel pres-
sure. Without electrical power, the injector shoutd not spray or
drip. If it does, replace the cold-start injector.

Thermo-time Switch Test

The thermo-time switch can be checked for operation at the
correct temperature, and for resistance values at the terminals.
The coclant temperature at which the switch opens and the
time itis open is stamped on the body of the switch.

Start and Warm-Up Testing

|
|

ST
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Check thermo-time switch opening time with a test light
installed in series with the wire to the thermo-time switch, After
disabling the ignition according to your shop manuatl, operate
the starter for a few seconds. With coolant at shop ternperature,
the test fignt should go on for about two seconds, then off. If the
coolant were around freezing, it might go on for about five
seconds, Checking the switch heats its bimetai strip, s0 do the
test right the first time or else you'il have to wait for the switch
o cool.

Check the resistance values between the two switch termi-
nais and ground, and between the two terminals as shown in
Fig. 4-3. The resistance should vary with thermo-time switch
temperature. Your manual should have the correct values, The
switch can be cocled by a biast of refrigerant, and warmed by
a hair dryer, or it can be removed from the engine block and
then heated and cooled in a pan of water for more precision.

Fig. 4-3. Thermo-time switch. showing identificaticn of wiring
terminals and schematic of circuit.

Start Control System Test

The start controf system is tested by measuring voltage ata
port injector with the engine cranking. Begin by removing a
wiring connector from any injector. Install a test lead so that you
can measure voltage while the injector operates. See Fig. 4-4.
To prevent raw fuel from being delivered into the cylinders,
remcve the fuses for the fuet pump, as weli as for the pre-
supply pump if the car has one. Also disable the ignition system
as described in the car shop manual. it's best to do this test
with the engine coid, but if the engine is warm, it's necessary
to disconnect the engine-temperature sensor and install a
special 10K-ohm temperature sensor to the connector to fool
the system.

With the voltmeter connected across the injector -leads,

crank the engine. At a “cold” start, voltage drop should begin -

at about —2 volts, then after 10 seconds or so cut back to
minus one-half volt. Check your vehicle specs, because this
varies according to engine. Depending on engine temperature,
start confrot may increase injection puise time in two steps for
cold-starting. You'll have to wait about a minute before repeat-
ing the test, since the start systermn won't reactivate immediately
to prevent flooding. If the voltage doesm't change, and the
injector wiring is sound, then you may have a bad controi unit.

Start and Warm-Up Testing

Fig. 4-4. Test lead being connecled between luel injector
and wiring connector. Test lead allows voitage to be
measured while control unil operates Injector.

5. AIR-FLow MEASUREMENT

These simple checks cover bath types of air-flow measure-
ment, the vane-type air-fiow sensor and the hot-wire air-mass
sensor.

5.1 Air-Flow Sensor

The air-flow sensor is not serviceabie. If the vane movernent
is not smooth, or if any of the electrical test values are incorrect,
the sensor must be replaced,

Checking Vane Movement

Remove the air intake duct from the air-flow sensor. Move
the air vane with your finger as shown in Fig. 5-1. The vane
should open smoothly, with just a light touch, and close
smoothly and completely as you release pressure. Your fin-
gertip will be abie to sense if it's bingding.

Fig. 5-1. Air-flow sensor vane movement being checked.
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Electrical Tests

Test the air-flow sensor insulation. With the ignition off,
disconnect the air-flow sensor wiring connector, Connect one
lead of an ohmmeter to ground on the chassis and touch each
air-flow sensor terminal with the other lead as shown in Fig. 5-2.
A reading other than infinite ohms {no continuity) indicates a

%&%low Sensor.

Car chassis
L B170INT.BCH

Fig. 5-2. Air-flow sensor being checked for continuity.

The resistance of the air lermperature sensor {usually
checked across terminals 6 and 22 or 6 and 27) should be
within the guidelines given in Table b above.

n some early models, the opening of the air vane closes a
- .itactand signals the fuel pump to operate. Use your manual
to identify the correct terminals for the contact and connect an
ohmmeter across them. The reading should be infinite ohms,
changing to zero ohms when the air vane is pushed open.

Check the sensor resistance track. Identify the correct ter-
minals for resistance track input and output, and connect an
Ohmmeter across them. The resistance should change as the
airvane opens. The actual values are less important than the
fact that the vaiues change smoothly, without any sudden drop
Quts.

5.2 Air-Mass Sensor

The air-mass sensor is not serviceable. i it fails any of the
tests below, check for a faulty wiring connector or wiring bafore
replacing the sensor,

Voltage Input

Pee! back the protective boot on the air-mass sensor wiring
Cpnnector. Check the voltage input to the sensor at the proper
Pin of the connector as shown in Fig. 5-3. Check your shop

manual for the correct terminal. With the IgOHon on. or with the
main relay terminal grounded. your meter shauld read 12 volts.

Voltage Output

Place the probe on the correct terminal for voltage output.
With the engine running at normal operating temperature, the
voltmeter typically sheuld read 2.12 volts at 780 rpm. and
increase to 2,83 volts at 3520 rpm. Changes are more impor-
tant than the actual numbers.

neng
i readt
i read

Afr-Flow Measurement
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Burn-off Sequence

With the voltmeter still checking output voitage, rev the
engine up to 3000 rpm, then let it return to idle and turn off the
engine. After approximately four seconds, the control system
should send the one-second burn-off signal, visible as a volt-
age reading on the voltmeter. See Fig. 5-5,

Engine off

Volts

o
-
P
w

Seconds

Fig. 5-5. Chart showing burn-olf signal.

Visual Inspection

if the voltage readings are incorrect, check the wiring con-
nector. Make sure that it's secure, and that the plug is not
twisted and putting stress on the wiring harness,

# there's stifl a probiem, remove the sensor and check the
wire screens. Replace any broken screens, and check the hot
wire for breakage as shown in Fig. 5-6. When you first fook
inside, you may think the air-mass sensor doesn't have any hot
wire. But move it around until the wire is visible against the
background. The fine wire is not easy to see.

/&

Fig. 5-8. Checking air-mass sensor for breakage of hot wire,
The hot wire is very fine. 50 look closety.

i

Air-Flow Measurement

5.3 Throttle Switches

Switches attached to the throttle vaive signal the control unit
for closed throttle and wide-open throttie conditions. Faulty or
misadjusted switches can cause hesitation and rich or lean
running. Some cars use a combination throttle switch, others
use a pair of microswiiches.

Thraottle Valve Basic Adjustment

Before checking or adjusting the throftle switches, check the
adjustment of the throttle valve. With the engine idling, fry to
close the throttle valve further with your hand. If engine speed
drops, check to see that the throttle cable is not binding or
puiling. Adjust the throttle valve by first unscrewing the adjust-
ment screw urttil the throttie valve is fuily closed. Screw in the
adjustment screw until it just touches the stop, then screw it in
an additional ¥4 to ¥ turn. Tighten the focknut.

NOTE wmssse
Do not use the throttle valve adjustment for
setting the idie speed.

Checking and Adjusting Throttle Switches

Using an ohmmeter, check the throttle switch or micro-
switches as shown in Fig. 5-7 or Fig. 5-8. The closed-throtile
function should read zero ohms at closed-throtile. and infinite
ohms when the throttle just begins to open. The wide-open
throttle function should read zere ohms at full throttie. Check
your car manual for the correct terminals to test. Adjust the
switch by foosening the mounting bolts and rotating the switch
slightly.

Fig. 5-7. Thiotlic switch adjustment being checked

RS o
o
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Wide-open throttle switch

Ciosed-throttle switch

Fig. 5-8. Typical inslaliation of microswilches, showing
closed-throttle and wide-open throttie  switches,

6. IDLE SPEED

Idie speed is set by an air bypass screw or knob on the
throttle body which changes the amount of air that bypasses
the throttie valve. The need for additionat air during cold run-
ning is handled either by the auxiliary air valve, or by the idle
speed stabilizer. if the engine has an idle prodlem, be sure that
the ignition timing is correct, and check idle compensation first
before adjusting idle. Idle speed and mixture are closely re-
lated. Always check mixture and adjust if necessary after ad-
justing idle rpm.

Auxiliary Air Valve Test

To test the air-flow through the auxiliary air valve, clamp the
air hose as shown in Fig. 6-1. Perform the test with the engine
cold and with the engine at normal operating temperature. With
the hose clamped shut, cold-engine idle speed should drop;
with a warm engine, nothing should happen to idle speed. If
either result is incarrect, troubleshoot the valve as described
below.

# cold-engine idle speed does nct drop, remove the auxil-
lary air valve hoses and look through the vaive. Sometimes a
mirror will help. When cold (about freezing) the valve should be
Gpen as shown in Fig. 6-2. If not, replace the valve.

ff warm-engine idle speed drops, remove the auxiliary air
valve hoses and Jook through the valve. Use a mirror if neces-
sary. The valve should be closed as shown in Fig. 6-3. If not,
femove the wiring connector to the valve, and check for voltage
across the connector. With the ignition on, there should be
approximately 12 vofts. If there is, replace the auxiliary air valve.
¥ not, check the wiring and repair any breaks, then retest the
auxiliary air vaive.

Fig. 6-1. Air hose being clamped shut 1o test air-low through
auxiliary afr valve.

Fig. -2, Visual inspection of eold auhary ar valve. Valve
should be open as shown (arrow!,

Idle Speed Stabilizer Tests

Test the idle speed stabilizer using a dwell meter as shown
in Fig. 6-4. Use a wiring adapter that allows dwell to be read
while the stabilizer is operating. Check your car manuaf for the
correct procedure and specifications since idle speed stabiliz-
ers differ.,

With the engine idling at normal operating ternperature, and
with all electrical foads off (inciuding the electrical radiator
cooling fan if fitted), typical dwell is about 30°.

Raise rpm slightly to open the throttle-switch. Typical off-idle
dwelt is 32°, or at least a small increase from the normal idle
dwell.

Idle Speed
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Fig. 6-3. Visual inspection of warm auxiliary air vaive. Valve
should be closed as shown (arrow)

Fig. 6-4. Attaching dwell meter for tests of idle stabilizer
valve. Check your car manual for correct test ter-
minals and dwell spegifications.

Check cold start operation by pulling the pump fuse to
disable the fuel pump, and disconnect the engine-termperature
sensor to simulate an engine-cold condition. During cranking,
the dwelt typically should show about 60°. Reinstall the pump
fuse and start the engine. The engine should now idle at a
higher rom than when the tests began. Turn off the engine and
reconnect the engine temperature sensor.

Run the engine at idle and turn on any electrical consumer,
such as the fresh air fan or lights. Dwell should increase, and
rpm should hold fairly steady. When the air conditioner is
turned on, dwell should increase, and so should rpm to spin
the compressor faster for better cogling.

If the idle speed stabilizer fails any tests, check the wiring
between components and the control unit. If the wiring is fine,
then replace the idle speed stabilizer.

fdle Spead

Adjusting Idle RPM

Adjust the idle using the air bypass knob or screw as shown
in Fig. 8-5. Check your manuai for the correct procedure and
specifications. On cars with an icle speed stabilizer, it is nec-
essary to ground the stabilizer before adjusting it, as shown
earlier in Fig. 3-10. This wiil either freeze the idle so that it can
be adjusted, or drop the idle to something called the Basic Idle.
Check your car shop manual for more information,

Fig. 6-5. Basic idle being adjusled using bypass ar screw
on throttle body.

Y 7. MixTure (CO) AND LAMBDA CONTROL

7.1 Mixture Adjustment

The procedures for adjusting mixture depend greatly on the
type of pulsed system in your car. Since about 1980, mixture
control is usuaily automatic with closed-loop controi from the
electronic cantrol unit and the oxygen sensor. if you pry out the
seal and twist the screw to enrich the mixture, the oxygen
sengor will sense the change and the control unit will change
pulse time to bring the mixture back to the idea! air-fust ratio.
Beginning about 1987, puised systems with adaptive control
do not need adjustments and none are provided. So be careful
when fooling with adjustment; you may do more harm than
good.

A mixture that is too rich may be caused by a faulty engine
temperature sensor, a faulty air temperature sensor, a faulty
cold-start system, misadjusted throttle switches, or problems
with the fuel system. Lean mixtures may be caused by air
intake leaks, a misadjusted throttie valve, or problems with the
fuel system. Check these areas before assuming that mixtute
needs to be adjusted.
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Adjusting Air-fuel Mixture

In general, mixture (CO) is adjusted by means of a screw on
the air-flow sensor or air-mass sensor, as shown in F ig. 7-1.On
air-mass sensors, the screw is to the side of the wiring harness
connector. The screw may be covered by a metal plug which
needs 10 be removed for adjustment.

Mixture control screw

Fig. 7-1. L-Jetronic air-fow sensor mixture screw. On air-
mass sensors, screw-is to side of wiring harness
connector. Screw may be covered by metal plug
which needs to be removed for adjustment.

NOTE ==

The US government and some states consider
it “illegal tampering" for a car 1o feave a repair
shop without the plug properly instafled.

To adjust the mixture, you'll need access to an exhaust-gas
analyzer. While an analyzer is obviousty not a run-of-the-mill
b alocal service shop or inspection station may be willing to
'ent some time on their machine, so check around. Mixture on
s0me systems can be set withcut an analyzer, but this can only
Jive a rough approximation, and driveability and emissions
Tay suffer.

For the proper mixture settings, check the decal under your
ar hood. The engine should be warm, and the idle should be
vithin specification. If possible, also change the oil and fifter,
Slowby from the crankcase may affect CO readings and ad-
Ustment.

L-Jetronic Systems without Lambda Control

Ifthe CO on the meter is too high, the enging is running too
ch, so unscrew the mixture screw to admit more air, as shown
1 Fig. 7-2. If the CO is too low, screw in the mixture screw,

YE

ff a CO meter is not available, adjust the mixture for the -~

anest setting that provides a smooth idle, then enrich the
yxture an additional V4 turn. Test drive and check for surging
 part throttle. If so, enrich ¥ turn at a time until the surging
sappears.

Fig. 7-2. Mixture (CO) being adjusted. On either air-fiow sen-
SOrs Or ar-mass sensors, turn screw clockwise to
richen mixture. and counterclockwise 1o lean rix-
fure,

L-Jetronic Systems with Lambda Control,
Motronics

When checking CO on engines with a lambda sensor,
remember the conditions for closed-loop operation: the engine
must be at normal operating temperature and the lambda
sensor must be hot. Unless the engine has a heated lambda
sensor, run the engine at 3000 rpm for about 30 seconds just
betore the test to make sure the sensor is hot enough. If the test
results are incorrect, or CO cannot be brought into specifica-
tion, check the lambda system as described in 7.2 Lambda
Control.

Most cars with Bosch tambda control provide for sampling
engine-out exhaust gas before the converter through an ex-
haust gas tap as shown in Fig. 7-3. Atidle, closed loop, 0.5%
volume is a typical CO specification. If you sample at the
tailpipe, CO readings taken downstream of the converter will be
specified at a lower ievet than those engine-out readings taken
from the exhaust tap.

If you have the test pipe, compare closed-loop CO with
open-loop CO. When you disconnect the oxygen sensor lead
as shown in Fig. 7-4, allowing the systern to run open loop, the
CO may fikely change, say up to 0.9%. If it does, fean or enrich
the mixture untif the open-loop CO is the same as closed-loop
CO with the sensor connected. This is the correct mixture
adjustment. Generally, the change is so small at the tailpipe that
you may not see it if sampling CO there,

if a CO meteris not available, use the lambda sensor voltage
to help set mixture to the ideal air-fuel ratio. Mook up a voltmeter
to the sensor output as shown in Fig. 7-5. Turn the mixture
screw toward lean untit you see the: lowest voltage point; turn
it toward rich until you see the highest voltage point, Turn back

Mixture (CO} and Lambda Contro!
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and forth untii it is midway between the two points. In general,
this point is about 500 mV, the mid-voltage point could vary
depending on the age of the sensor, as shown in Fig. 7-6. K
there is no voltage, or if the voltage does not vary, replace the
lambda sensaor.

Fig. 7-3. Maost DOCEIDE

st oo for san

5 CO befora he cataytic con-

o usualy blue 1o sample

Fig. 7-4. To adust muture disconnect lambda sensor and
compare open-ioon CO with closed-icop CO.

Mixture (CO) and Lambda Controi

Voltmeter

Fig. 7-5. Voitmeter attached to Lambda sensor to measure
voltage output. Aftach positive lead to sensor out-
put wire, and negalive lead to ground on chassis.
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Fig. 7-6. Graph showing how lambda sensor veitage output
varies with age.

7.2 Lambda Controf

There are two parts to a test of the operation of the lambda
sensor and the electronic control unit. To perform the tests, you
must be able to sample engine-cut CO at the test pipe with an
exhaust-gas analyzer as shown above in Fig. 7-3.

Rich Stop Test

With the engine at normal. operating temperature, discon-
nect the lambda sensor wire so that the system is open-toop.
While watching CO, pull the vacuum hose off the fuel-pressure
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regulator and close it off with your thumb, as shown in Fig. 7-7.
This should cause the regulater ta increase fuel pressure, and
thereby enrich the rixture. GO shouid increase, typically from
0.6% to 2%.

3sure reguiator vacuum hose  chscon-
and tiocked, and lambda sensor wire dis-
it sch stop test of lambda control,

Fig. 7-7. 1

Rev the engine to 3000 rpm for at least 30 seconds, then let
the engine wdlie. Leave the vacuum hose disconnected and
blocked and reconnect the lambda sensor wire. CO should
return to the original value. indicating that the lambda sensor
and control unit can handle a rich mixture. Reconnect the
vacuum hose when finished.

Lean Stop Test

Disconnect the lambda sensor wire to let the system run
open-ioop and pull the engine dipstick as shown in Fig. 7-8.
The CO reading shouid drop —typically from 0.6% t¢ 0.3% -
indicating that the false air entering the engine through the
crankcase has leaned the mixture.

Fig. 7-8. Dipstck Deng withcirawn for fean stop test of lamb-

da oontinl

Rev the engine to 3000 rpm for at least 30 seconds, then let
the engine idle. Leave the dipstick out. Reconnect the lambda
sensor wire. CO should retumn to the original value, indicating
that the sensor and control unit can handle a lean mixture.

it CO does not retum to the original value in either case,
check the fuel pressure regutator and system wiring. If the
regulator and wiring are not fautty, check the lambda sensor by
measuring its voltage output with the engine running at 3000
rpm. i there is no voltage fluctuation (in millivolts), replace the
sensor. If the sensor is working, then the cortrol unit may bhe
fautty.

8. MOTRONIC TIMING AND DWELL

Tirming and dwell on Motronic systerns are not adjustable,
but you can check how they change according to specification
with changing engine conditions, and identify possible faulty
cormponents.

Timing
Engine timing changes with engine temperature, 5o it can-
not be checked with the engine cold or warming up. On the
other hand, some engines cannct be too hot, so it may be
necessary (o run a fan over the engine while ¢hecking timing to
keep the intake air cool encugh.

Check timing at the specified curb-idle rpm as specified in
your shop manual. On some engines, a TDC {top dead center)
sensor can be connected to an engine analtyzer for direct
readout of timing or dwell as weli as rem.

Use a timing light to read the pointer, or mark on the
flywheel. You'll see smail timing changes, as Motronic makes
srrall changes with each revolution to compensate for small
changes in idle rpm. See Fig. 8-1. Average these by eyeball.
Open the throttle partially and check to see that timing ad-
vances at the higher rpm.

Reference mark
on bell housing

Fig. 8-1. Typical timing marks showing timing retard as
knock sensor is tapped.

Motronic Timing and Dwell
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It idle timing is off, refer to your shop manual to check all
input compaonents, as well as the electrical connactions and
grounds as described in 2.3 Electrical System —everything
that could affect idle-timing signals. If all is OK, then the control
unit may be faulty.

Knock Sensor Control

If your engine has one, locate the knock sensor, another
input controlling timing, on the cylinder head, or the block. Rev
the engine at about 2500 rpm, and lightly tap the knock sensor
to simulate the vibrations that come from engine knocking. The
timing marks should retard, or even move right out of the
window. It shouldn't take much of a tap. i the timing does not
change, and idle timing and advance is comect, then the
sensor is mast likely fautty. *

Dwell

With the engine off, hook up the multimeter to the test ‘
connector to check dwell, Atidle, you should see a basic value,
for example 16.6%, which will increase as rpm increases. i
dwellis incorrect or does not increase, check the engine speed
sensor and the wiring from the contro! unit to the coil.

Motronic Timing and Dwell
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1. GENERAL DESCRIPTION

This chapter covers the operating theory of Bosch contin-
uous fuel-injection systems. Continuous Injection System (CIS)
is the term widely used to refer to this branch of the Bosch fuel
injection family. Do not confuse this with the Volvo term CIS
{Constant Idle Stabilization), which is their term for the idle-
Speed Stabilizer, an unfortunate overlap of terminology. The
continuous systems I'll discuss in this chapter inciude:

* K.Jetronic (Pl call it K-basic)
® K-Jetronic with lambda controt (Pl call it K-lambda)

¢ KE-Jetronic and its variations: KE3-Jetronic, and KE-
fotronic (I'll call them KE systems)

Fll begin this chapter with a general description of how
Bosch continuous systems meter fuel to match a given air flow.
I'f then examine in detail how the different subsystems of
ClIS—air flow measurement and fuel delivery—interact me-
chanically to create this basic fuel metering function. Finally, Il
explain how K-basic, K-lambda, and KE control systems fine-
tune this basic fuel metering to compensate for different oper-
ating conditions. .

For more information on the general principles of fuel-
injection, see chapter 1 and chapter 2. To determine which
Bosch system is instalied on your car, see 1.2 Applications -
Identifying Features, or the detailed appiications table at the
end of chapter 1.

1.1 Continuous Injection System (CIS)

As | described in chapter 1 and chapter 2, the aim of the
fuel-injection system is to measure the amount of air the engine
ist  ginand to meter a precise amount of pressurized fuel
to match that air and create the correct air-fuel mixture. All
Bosch continuous systems provide this basic air-measuring
and fuel-metering function in the same way: in the mixture-
controf unit.

Mixture-Control Unit

The mixture-controt unit is the heart of continuous injection.
As Fig, 1-1 shows, it is where the air-flow measurement system
and the fuel delivery system interact. The mixture-control unit
fMeasures the enging's intake air, and then meters fuel in
proportion to that air flow,

The mixture-control unit is actually the combination of two
Separate components: the air-flow sensor, and the fuel distrib-
utor. See Fig. 1-2. The air-flow sensor measures the air entering
the engine. The fuel distributor, in turn, delivers a proportional
amount of pressurized fuel to the injectors.

Air-flow system Fuel system
Elactric
fuel pump
Y
Fuet
accumulator
y
Air filter Fuel filter
¥ T
Air-flow Mixture Fuet
— i
SEensor control unit distributor
m
Throttle Injection
valve Mixture valves .
= Intake tubes _15 *
TYyYy
Combusion
l.chamber

Fig. 1-1, Ar-flow measurement system and fual deivery sys-
tern nteract in muxture cortrol unit to deliver the

basic ar-fuel mmxture

Fig. 1-2, The rmxture-control unit 1s the combination of the
air-flow sensor (1) and the fuel dstributor (23, Cir-
cular sensor plate {a) i3 Sad by flow of angine
intake air.

Air Flow Measurement and Fuel Metering

Fig. 1-3 is a schematic view of the operation of the mixture-
control unit. The circular air-flow sensor plate is positioned in
the intake tract so that all air entering the engine flows past it.
The plate is attached to a lever which pivots, alicwing the plate
to move up and down. Intake air flowing through the housing
raises the sensor plate. The movement of the sensor plate and
lever is in direct proportion to the volume of the incoming air.

General Description
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—— ===
Injector
i Air-flow Contro!
T;rottle sensor plale plunger
vaiwe
'i' Fuel
distributor

Intake manifcle

Air-flow
sensor
Air-flow lever
: sensor
: : Air
i A - filter
| !
@ . Air I
e ' intake Il
_ T oN— n
R from
Fugl pump
:
g - . Fig. 1-3. Schematic of continuous injection air-flow mea-
| surement and fuel metering. Air enlering intake
manifold raises air-flow sensor plate. Rise of sensor
| plate mechanically raises control plunger. This ba-
sic: fuet metering lunction applies o all systems in
this chapter.
This air measurement is turned into an injection gquantity by
the control plunger in the fue! distributor, The plunger rests on a b =
the air-flow sensor lever, and it rises and falls at the same rate
as the sensor plate. The position of the plunger controls fuel Increased
flow to the injectors. When air flow into the engine increases fuel flow
and raises the air-flow sensor and plunger, the rise of the
plunger increases fuet flow proportionaly, This maintains the Fusioul el
correct air-fuel ratio. See Fig. 1-4. This mechanical lift of the (to injectorsp g

control plunger by the air-flow sensor is how all contnuous
injection systems perform basic fuel metering.

. In continuous injection all fuel metering takes place in the

fuel distributor. The fuel injectors flow fuel continuously white
-p_' the engine is running; their only function is atomization of the
fuel. This is In contrast fo the pulsed systems described in
previous chapters, where fuel metering is controlled by open-
ing and closing of the injectors.

Control
plunger

Plunger
rises

fer::g“tloyg: %zsheaeni\:;! {f:f ;gI;Tg;iiysg:?ai;;eb:it;nféz Fig. 1-4. Fuel mezering by cantroi _plunger}in the fuel digtrib-
L o . ) utor: Al low alr flow (a), rise of air-flow sensor and

metering is controlied by the mechanical relationship between control plunger is low so less fuel figws to injectors.

the air-flow sensor and the control plunger in the fuel distribu- Atincreased air fiow (b), when air-liow sensor rises

tor. As you'll see later in this chapter, continuous systems are higher, coatrol plunger in tum rises. so more fuet

also referred to as “hydraulic” fuel injection. This is because flows to injectors. -

their control systerns alter this basic air-fuel mixture for different

operating conditions by changing fuel pressures in various

parts of the system.

General Description .
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1.2 Applications - Identifying Features

Bosch continuous injection systems are instafled only by
European car manufacturers. As of 1989, no Japanese or U.S.
manufaclurer is installing K-Jetronic fuel injection or its deriva-
tives. With a large installed base on Volkswagen models, sev-
gral million continuous systems are on the road in the US.
Other makers using Bosch continuous systems inciude: Audi,
BMW, Ferrari, Lotus, Mercedes-Benz, Peugeot, Porsche, Rolls-
Royce, Saab, and Voivo. The 12-cylinder Ferrari Testarossa and
Mercedes-Benz engines both use twin KE-Jetronic mixture
control units, ane for each 6 cylinders. Clearly, Bosch continu-
ous systems are capabie of performing well in many different
applications.

To identify continuous systems, look for the separate
mixture-control unit. # is usually mounted on a fender panel
with flexible air duct leading to the throttle body and intake
manifold. Also, continuous systems have separate injector fuel
lines delivering fuel to each injecter, instead of the common fuel
rail found on pulsed systems. The fuel fines are usually flexible
lines enclosed in protective metal braiding. See Fig. 1-5.

Fig. 1-5. Separate continuous mixture-contrel unit {1) be-
tween air cleaner and intake manifold. Each injector
gets fuel through separate fuel tine {2). No fuel rail,
as i pulsed injechon

There are exceptions: On Mercedes cars, and on Peugeot,
Renault, and Volve cars using the PRV V-6 engine, the mixture-
control unit is mounted directly on the intake manifold, as
shown in Fig. 1-6. It usually delivers fuel through rigid metal
lines to the injectors. The large air cleaner covers most of this
so it may look like a carbureted engine at first glance.

Mixture-control
unit

Fig. 1-6. On the PRV V-6 engine used by Peugeot. Renautt,
Volvo, the mixture-control unit hides under air
cleaner. Location on Mercedes 4-cyl. 6-cyl. and
8-cyl. engines is similar,

How can you tell the systems apart? You can distinguish
between each by component and function.

K-Jetronic and K-Jetronic with Lambda Control
{K-Basic and K-Lambda)

K-basic and K-tambda fuel distributors are made of cast iron
and usually painted black. K-lambda systems are further dis-
tinguished from K-basic by the solencid-type lambda vaive next
to the fuel distributor; it has an electrical connector and looks
almost like a pulsed injector. See Fig. 1-7.

Table a. Bosch Continuous Fuel Injection Systems

Name First use Fuel pressure Computer/pins Lambda control
| —

K-basic 1974 Porsche 9117 4.8-5.2 bar (70~75 psi nec no

K-lambda 1980 almost all mirs, 4.8 bar (70 psi analog/25 yes

KE-Jet 2 1984 Mercedes 190E 5.4 bar {78 psi) digital/25 yes

KE-Jet 3 1986 Mercedes 300/560 5.4-5.8 Dar (78-84 psi) digital/25 yes
[ ———

KE-Motronic 1988 Audi 4-cylinder 8.2 bar (90 psi) digital/35 yes

General Description
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Fig. 1-7. You can teli both K-basic and K-lambeia by the
black color of the fuel distributor Onty K-lambia
has the lambda contro! valve {arrow: which looks
something like a puised Injector

KE-Jetronic, KE3-Jetronic, and KE-Motronic
(KE Systems)

All KE systems have a pressure actuator fastened to tha fuel
distributor as shown in Fig. 1-8. Also, KE fuel distributors are
usually unpainted alurninum. Further differences which distin.
guish the three different KE systems are mostly in the electron-
ics; not immediately apparent, For examnple, KE-Motronic Sys-
tems lack vacuum lines to the distributor, but some KE-
Jetronics also lack such vacuum lines (1988 Audis with
separate electronic ignition-timing control, for example). Check
your manual to identify which KE system you have.

§ -

Fig. 1-8. You can identify KE systems Dy the attached pres-
sure acluator. Some are gray, some are black: all
have electrical connector for control-unt WirNgG Con-
nection.

General Description

2. AiR-FLow SYSTEM

The most basic function of a fuel-injection system is to
measure the amount of air drawn in by the engine and to meter
& proportional amount of fuel. The air-flow system performs this
air measurement function. The air flow system also includes the
throttle valve which controls engine speed by requlating engine
air intake. See Fig. 2-1.

Fig. 2-1. Continuous injection air-flow system. Throttle valve
{1) regulates air flow into intake manifold and en-
gine. Air-flow sensor (2) measures volume of intake
gir,

The air-flow system includes the air-flow sensor (part of the
mixture-control unit), the ducting to the throttle body, the throt-
tle valve, and the intake manifold. The throttle valve controis the
amount of air entering the engine. The air-flow sensor is de-
flected by that air, measuring its volume. The movement of the
sensor in turn controls the basic fuel metering in the fuel
distributor. The air-flow system aisc provides adjustment for
engine idle speed.

Air-flow Fuel
Sensor distributor

Fig. 2-2. The air-flow system measures engine air intake at
the air-flow sensor, and turns that measurement
into a proporticnal amount of fuel in the fuel distrib-
utor. Together, the fuel distributor and air-flow sen-
s0r are known as the mixture-control unit.
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2.1 Air-Flow Sensor

The key to air-flow sensor operation is a circular sensor plate
that is deflected by engine intake air moving through the
sensor plate housing. The movement of the piate in turn ifts the
control plunger in the fuet distributor.

Sensor Plate and Control Plunger

When the engine is off, the sensor plate rests on a spring
support, as shown in Fig. 2-3. This is known as the Zero
Position. The plate is carried by a pivoting main lever. This
allows the sensor plate to move in the intake air flow. The fuel
ci~tributor's control plunger rests directly on the same lever
1. . carries the sensor plate.

plate feve

SRS, :

Fig. 2-3. Cut-away view of air-flow sensor shows sensor
plate carred by a lever on a pivol, balanced by a
counterweight. Shown with fuel distributor re-
moved.

As the engine takes in air, the sensor plate rises as shown
in Fig. 2-4. The more air flow, the more the plate and lever rise.
The control plunger, because of its position on the lever, rises
at the same rate as the sensor plate. This is a linear relation-
ship: a doubling of air flow doubles sensor-plate lift, which in
turn doubles the lift of the control plunger. The height of the
Plunger determines fuel flow to the injectors, so the higher it
rises the greater the fuel flow. it is this mechanicai relationship
between the air flow sensor and the control plunger in the fuel
distributor that determines basic fuel metering.

There are actually two types of air-flow sensors that are used
in continuous injection, updraft and downdraft. In updraft sen-
S0rs, as you've just seen, intake air flows from below and Iifts
the sensor plate up. In downdraft sensors, air flows from above
and pushes the sensor plate down. Atthough the direction of
air fiow through the two sensors is different, the operating
principles are identical: as the sensor plate is deflected by the
intake air, the controt plunger rises, increasing fuel flow. See
Fig. 2.5,

Sensor plate nses

Control plunger nses

Fig. 2-4. As airis drawn mnio the engine. the sensor plate lifts,
floating on the colurmn of air The movernen! of the
sensor pfate also lifts the controf plunger

Fig. 2-5. When an updiraft sensor plate rises 1« lifts the
plunger —on the same side of the pivot (1), When a
downdraft sensor plate is lorced down. 1t aiso lifts
the plunger --on the opposite side of the pivot

tn both types of air-flow sensors, the weight of the sensor
plate and lever is balanced by a counterweight. This means
that the piate acts as though it were weigntiess in the intake air
stream. The force of the air flow easily lifts the sensor plate, so
much so that a counter-acting force is necessary to stabilize the
movement of the plate. As you'll see later, fuel pressure force
is used, applied to the top of the controt plunger.

In later continuous systerns, the counterweight is replaced
by a balance spring: the spring has less inertia than the weight.,
This permits the sensor plate to adjust more guickly fo chang-
ing air flow, so fuel metering and throttle response are faster.

Funnel Angles

The operation of the air-flow sensor is based on something
catled the "floating body principle.” This principle states that
under the right conditions a column of pressurized air will
support and move an object, and that the movement of this
object will be in direct proportion to the volume of air flowing
past.

Air-Flow System
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In the air-flow sensor, all intake air flows through the sensor
air funnel to create a column of air. Because the counter-
weighted sensor plate is positioned in the middle of the air
funnet, it floats on the column of air. As the engine uses more
air, the fiow through the funnel is greater and the sensor plate
rises in the column of air.

The shape of the sides of the funnet is tailored so that for a
given air flow, the strength ofthe column of air is greater or less,
and the Jift of the sensor plate will be greater or less. See Fig.
2-8. The funnel is designed for each systern on which it is
installed, according to the power characteristics of the partic-
ular engine design.

Fig. 2-6. Air-flow sensor funnel shape affects lift of sensor
plate. For a medium cong angle (a), the sensor
plate lifts to height 1 for a given air flow around the
sensor plate. If the funnel walls are sleep (b), the
plate would have to lift much higher to pass the
same amount of air. if the funnel wall angle is
shallow (e}, the same amount of air pushes with
rmuch less lift.

If you remember that sensor-plate lift affects control-plunger
lift and basic fuel metering, you can see that funnel angles can
be changed to affect the air-fuel ratio for a given air flow.

For example, in K-basic systems, the funnel is ustLally
shaped with different angles according to engine needs for
different operating conditions, as shown in Fig. 2-7. A steeper
wall section near the top of the funnel causes more sensor-
plate and plunger lift for the air flow, giving a richer mixture for
full load. A shallower wall section in the middle causes less lift
for a leaner mixture at part-load. At the bottom of the funnel,
another steeper wall section gives mare lift and a richer mixture
for idle/off-idie conditions. In K-lambda and KE systems, the
funnel shape is usually conical, so the proportion of the basic
fuel metering is constant for the entire range of sensor plate lift.

Air-Flow System

Full-foad

\ // Part-icad

ldte

Fig. 2-7. In K-basic. furnal shape 1s designed 1o fit specific
engines for enrchrment at different ax fows Funnel
shape is matched o each engine and model do
not interchange funnels.

Control-Plunger Counterforce

Some additional force is needed to balance the air-flow
force that raises the sensor plate and control plunger. Other-
wise, the movement of the plate wouid be too quick, and when
the engine is started the plunger would rise to the top of its
travel and stay there.

Fuel pressure supplies this counterforse, applied to the top
of the control plunger in the fuel distributar. This pushes down
against the upward force of the air flow senser and the upward
movernent of the control plunger, regulating their movement
and allowing the sensor plate to float in the air stream. The
counterforce pushes the plunger back down for less fuel flow
when there is less air flow, and returns the control plunger to its
rest position when the engine stops rurning.

Arr-fiow
force
Py

£l

Fig, 2-8. Air-fiow force ifts sensor plate and controt plunger.
Fuel-pressure counterforce presses down on the
plunger. Balance of these two lorces determines
amount of plunger 1t for a given air flow

As you'll see later, this fuel-pressure counterforce can be
varied to affect control-plunger lift for & given air flow, changing
the proportion of fuel injected, and therefore ¢hanging the
basic air-fuel ratio. In K-basic and K-lambda, the counterforce is
known as the control pressure. Fif explain control pressure in 5.
Controi Systems,
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Beginning with 1983 models, a return spring atop the con-
trol plunger ensures that the plunger follows the movement of
the air-flow senscr during starting and engine deceleration.
This improves starting and reduces hydrocarbon emissions
during coasting. See Fig. 2-8.

Fig. 2-8. Beginning in 1983, a small spring presses down to
ensure contro! plunger follows sensor lever more
closely.

Backfire Protection

The clearance between the edge ofthe sensor plate and the
small part of the air-flow sensor funnel is very small, only about
10 mim. Because the plate effectively blocks the intake tract,
any backfire in the intake manifold could build up reverse
pressure and blow the ductwork, bend the sensor plate, or
damage vacuum-operated systems.

To prevent damage in the event of a backfire, the air-flow
sensor is designed with a secondary relief area in the funnel.

- Fig. 2-10. Any backfire explosion in the manifold drives the
sensor plate against its spring support and rubber bumper so
that the pressure is vented around the edge of the plate. The
sensor plate is driven past the zero position, down against its
stop. (In downdraft sensors the plate is driven up against its
stop).

KE Sensor-Plate Positions

Up until now, I've been talking about principles that apply to
all continuous air-flow sensors. KE sensars operate in the same
basic way as K-basic and K-lambda sensors: intake air lifts the
air-flow senser plate, which lifts the control plunger to meter
fuel. Butin KE, you'll find a big difference in the rest position of
the control plunger due to some design changes. Because this
difference affects restarting, it's important to know for chapter
6 when you'll be making checks of the air-fiow sensor.

In K-basic and K-tambda, the control plunger rests on the
fever when the engine is off (zero position); the sensor plate's
rest position is determined by its stop. In contrast, KE is de-
signed so that, at zero position, the plunger rests on an O-ring
seal in the fuel distributor; there is a small amount of Clearance
between the plunger and the lever so the plunger seats firmly
on the O-ring. See Fig. 2-11. This seals off fuel pressure more
completely when the engine is off, and helps prevent vapor
lock in the fuel lines.

Sensor-plate
height adjust

Rubber
bumper

Spring

Fig. 2-10. In case of backiire, plate is pressed into second
part of funnet relieving pressure in manifold.

Control

plunger

Fig. 2-11. KE control plunger rests on O-ring that seals in
fuel pressure at base of plunger.

Air-Flow Systern
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This difference in KE means that there are actually two
important KE senscr-plate positions. The first is the zero posi-
tion as described above, where a wire-clip supports the sensor
plate when the engine is off and there is clearance between the
control plunger and the fever. The second is the basic position
{and that’s only in KE), the position of the plate in the air funnel
when it is fifted so the lever just touches the control plunger.
See Fig. 2-12.

Vertical part of air funnel

KE basic position

Control\plunger

KE 2ero position

B178CIS.BCH

Fig. 2-12. Inupdraht KE basic position {top). sensor plate is
at top of vertical part of air funnel {dotted Hine)
and lever just touches control plunger. in zero
position (bottom), plate rests on spring, and there
i3 a gap between plunger and lever. You should be
able to see all of the vertical part of funnel (dotted
lines} around the sensor plate.

Incarrect clearance between the sensor lever and the con-
trol plunger will cause problems. If there is no clearance, the
plunger will not seal against the O-ring, and residual fuel may
dribble down into the mixture-control unit when the engine is
off. This can cause flooding-type restart problems and, in a
worst case, a potential fire hazard.

In centrast, if there is too much clearance between the
sensor plate lever and the piunger you may experience a
different start problem:. During cranking,.the air flow must Iift the
sensor plate a certain amount before the lever contacts the
plunger to lift it and increase fuel flow. If there is excess
clearance the lever will not ifft the plunger soon enough for the
air flow, upsetting the basic air-flow and fuel-metering function.

Air-Flow System

In chapter 6 you'll see how to check these important KE
sensor plate positions. Also, remermber the distinction between
how updraft sensors and downdraft sensors operate: In up-
draft KE air-flow sensors, the sensor plate is lifted up from the
zero position to the basic position; in downdraft air-flow sen-
sors, the plate is pushed down from the zero position to the
basic position.

Fig. 2-13. KE-Jetronic air-flow sensors; downdraft (top) and
updralt (bottom). Note that on downdraft sensors.
sensor plate is angled

Mixture (CO)

To ensure that the basic air-fuel mixture is in the best range
for emission control, all continuous systems have a provision
for mixture adjustment. Although this adjustment is made at
idle, it affects the basic sensor-plate and control-plunger rela-
tionship over the entire range of operating conditions. For a
given lift of the sensor plate, the ift of the control plunger is
adjusted to change the amount of injected fuelf, and therefore
the air-fuel mixture. This adjustment is also known as the CO
adjustment because the change in the air-fuel mixture changes
the amount of CO (carbon monoxide) in the exhaust. The
accuracy of the mixture adjustment is cormmoniy checked by
measuring exhaust CO.

You adjust mixture with the mixture-control screw, which is
shown in Fig. 2-14. You can see that the air-flow sensor lever is
actually two parts, and that turning the mixture screw in or out
moves the mixture lever only. This moves the control plunger
without changing the position of the sensor-plate lever or sen-
sor plate,

For example, for a constant air flow at idle, turning the
mixture screw clockwise pushes the mixture lever up. This fifts
the controi plunger further and more fuel is injected for the
same air flow, enriching the mixture. If the screw is turned
counterclockwise, the control plunger is lowered and the mix-
ture is leaned. As you'll see in chapter 6, because the mixture
screw is located in the air-flow sensor you'll need a special tool
to reach it. )
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Mixture Controi
Mixture screw  lever plunger
AN

lever

Fig. 2-14. Schematic view of air-flow sensor showing loca-

tion of mixture-control screw.

2.2 Throttle Valve

The throttle valve regulates air flow into the engine. The
nore it is open, the greater the air flow into the engine. The
rottle valve is downstream of the mixture-control unit, usually
nourted on the intake manifold, and is controlled by the
ccelerator cable. The throttle valve does not contra! idle
peed. This is done by a separate idle screw as described
elow.

Idie Speed

You adjust idie speed on continuous systems not by fine
diustment of the throttle valve, but by controlling a smalt
mount of air that is allowed tc bypass the throttle. This is more
liable since it's independent of acceferator-cable stretch or
ear in the throttle valve mechanism.

The idle air bypass is reguiated by the idie screw, as shown
wiematically in Fig. 2-15. The screw is usuaily on the throttle-
lve housing. Turning the screw in or out changes the amount

bypass air. The screw is downstream of the air-flow Sensor,
Iy change in bypass air results in a corresponding change in
e amount of fuel injected, so idle speed adjustments do not
ect the mixture adjustment.

Adjusting screw

Fig. 2-15. Schemalic view of air-flow sensor and throttle
valve shows idle air bypass and adjusting screw.

3. FUEL SYSTEM

In continuous systems controt of fuel pressure is extremely
important, even more so than in pulsed systems. As you'li see,
fuel pressure opens the fuel injectors, and the control systems
manipulate fuel pressure to alter the basic air-fuel mixture when
compensating for different operating conditions. it's vitai that
the fuet system not only supply adequate fuel for the amount of
air the engine is using, but also that the fue! be under pressure,
maintained and controlled within a narrow range.

The fue! system includes the fuel tank to store the fuel, the
electric fuel pump to pressurize the fuel, the fuel accumulator to
damp pressure surges in the system, the filter, the fuel distrib-
utor to meter and distribute the fuel, the pressure regulator to
maintain primary system pressure, and the fuef injectors to
atomize the fuel. See Fig. 3-1. The electric pump and the filter
operate similarly to those used in puised systems. For a dis-
cussion of how they operate see chapter 3. Some cars have an
additional electric low-pressure in-tank pump, called the pre-
supply or transfer pump. It ensures delivery to the main pump |
without vapor lock.

Fuel
o PEclor

 Fuel
ol BCCUMGIAtOT

Fuei
filter

Fig. 3-1. Continuous injection fuel system. Supply Cotnpo-
nents (fuel pumnp. filter) are generally similar to
those of pulsed systems, with addition of accumu-
lator. K-baslc shown, K-lambda and KE systems
sirnilar. ¢

3.1 Fuel Accumulator

Most continuous systems include a fuel accumulator,
shown in Fig. 3-2, which damps fuel-pressure surges and
holds residual pressure in the systern when the engine is shut
off. The accumulator's damping action protects the fue! distrib-
utor fram the rapid build-up of fuel-pressure during startup, and
reduces fuel pump noise when the engine is running. When
the engine stops, the accumulator holds fuel pressure to help
prevent vapor lock and improve hot restarts.

Fuel System

i
¥
b
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Spring

uel
chamber

[

——- 0 fgl
filter

from fuel
pump

Diaphragm

Fig. 3-2. Fuel accurnulator. When engine starts, fuel cham-
ber fills with fuel. Pump noise is dampened by the
diaphragm. With engine off, accumulator spring
maintains pressure in lines to help hot slarts.

The main components of the accumulator are a spring and
a diaphragm that separates a spring chamber and a fuel
chamber. When the pump begins running, pressure builds in
about 1 second as fuel fills the fuel chamber and presses the
diaphragm against the stop. At pump shut-off, the pressure
drops rapidly to about 2 bar (30 psi). See Fig. 3-3. This residual
pressure is maimained by the force of the spring pressing
against the diaphragm and the fuel in the fuel chamber. The
accumulator holds pressure for a haif hour or more to prevent
vapor lock caused by fuel vaporization in the fuel lines of a hot
engine.

3.2 Fuel Distributor

The fuel distributor is the part of the mixture-control unit that
meters the fuel and then distributes it to the individual injectors.
See Fig. 3-4. All fuel metering takes place in the center of the
fuel distributor at the contro! plunger as it rses and falls.

Secondary mixture control by the control systems to fine-tune

the basic air-fuel mixture takes place threugh the manipulation
of fuel pressures in the fuei distributor. The fuet distributor's role
in fuel metering is discussed in 4. Fuel Metering; the action of
the control systems to further manipulate fuel pressures is
discussed in 5. Control Systems.

Fuel Systemn

bar psi
5 73 r— —

4 58

pressure
curve

0o 0 0.5 1.0 1.5
saconds

Reswual
pressure
Curve

3 435

1 145 \

C 0 10 20 30 40 50 minutes

— with fuel accumulator -- withoul fuel accumutator

Fig. 3-3. Fuel pressure bulds rapdly during cranking,
damped by accumuiator (top) After shut-off, pres-
sure falis rapidly to close injectors. preventing fuel
dribble al imyjector tips (bottorm) Then accumuialor
mairtans pressure 1N ines 1o aid hot starts. As
engine cools over time, pressure falls —rate de-
pends on minor leaks mn ines and njectors.

to Injectors

Adr-flow
sensor

Fig. 3-4. Fuel dislributor is part of mixture control unit, bolted
to air-flow sensor. It meters and distributes fuel to
the injectors. Downdrall air-fiow sensor shown.

Koot
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3.3 System-Pressure Regulator

Continuous injection depends on fuel pressure to marnipu-
late the air-fuel mixture, so that pressure must be closely
regulated. The system-pressure regulator maintains system
pressure (sometimes calied primary pressure) in the fuet sys-
tem at the specified ievel. There are two different types of
pressure regulators, depending on the system. K-basic and
K-lambda use a pressure refief valve located in the fuel distrib-
utor housing; KE systems use a separate diaphragm pressure
regulator. Both regulate pressure by recirculating excess fuel
back to the fuel tank,

K-Basic, K-Lambda

" K-basic and K-iambda, the system-pressure regulator is
budt into the fuel distributor. System pressure is set by spring
force against the regulator relief vaive. When the pump is
turned an, fuel pressure builds untif it overcomes spring pres-
sure and opens the relief valve, returning excess fuel to the
tank. See Fig. 3-5.

Closed

Regutater  Spring
O-n!ng Refum to rel;\elaf
sea tank vaive

Flg. 3-5. Basic operation of K-basic and K-lambda system-
pressure regulator. Fuel-pressure force overcomes
-spring force and opens regulating valve at specified
pressure, returning excess fuel to the fuel tank.

There are actually two variations of the K-basic and K-
lambda system-pressure regulator, depending on when the
System was manufactured. The first one, shown above, was
used untit about 1978 and controls only system-pressure.
Beginning about 1978, a new type of system-prassure reguia-
tor performs a second pressure-control function. See Fig. 3-6.

This slightly larger type includes what is known as a push
vaive. in the push-vaive regulator, the opening of the relief vaive
also opens the push valve. The push valve controis the return
of fuel from something calted the control-pressure reguiator.
You'll see more about the control-pressure regulator in 5,
Control Systems. For now, all you need to know is that the
push valve O-ring shuts off fuel return from the control-pressure
regulator to better maintain residual system pressure. The
difference between the two regulators will affect fow you mea-
sure fuel pressure in chapter 6. You can tell the two apart by
the shape of the system-pressure regulator on the fuel distri-
butor. See Fig, 3-7.

from controi-pressure
requlator

<

Push valve

System
pressure

- Engine running (open)

Regulator @
relief
vaive return 1o fuel tank

Engine off (closed)

Fig. 3-6. Pos!-1378 K-basic and K-lambda systern-pressure
regulator with push valve. When engime is running,
reliet-vaive plunger opens push vaive. With engine
off, larger spring closes relief plunger and smalier
spring closes push vaive, sealing control pressure
in the systarmn,

B177CIS BCH

Fig. 3-7. K-pasic and K-lambda system-pressure regulator
{arrows) is built into the fuel distributor casting.
Learn the difference between old {used before
1978) without push vaive, and new with push valve.

Fuel System
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KE Systems

The KE system-pressure regulator is mounted outside the
fuel distributor as shown in Fig. 3-8. System pressure is set by
fuel-pressure deflecting a diaphragm. See Fig. 3-9. When the
fuel pump is running, fuel pressure builds until it overcomes
spring pressure in the regulator and moves the diaphragm.
This opens the regulating valve 1o return excess fuel to the tank
and maintain pressure at the specified level. The thinner return
line carries fuel from the fuel distributor to the regulator; the
thicker line supplies fuel from the pump.

Fig. 3-8. KE pressure regulator looks fike that of pulsed
systems. It controls system pressure, and also con-
trols return flow from the fuel distributor,

Vent to atmosphere . 3

Reguiating
vaive

@ Fuelin

{system
Fuel return I pressure)
from fuel %I
distributor

Return flow to tank

Flg. 3-9. KE fuel pressure regulator in open position.

Fuel System

3.4 Fuel Injectors

The fuel injectors used on continuous systems are mechan-
ical. See Fig. 3-10. Pressure of the fuel delivered from the
mixture-control unit overcomes spring pressure and opens the
injector. Injector opening pressure is determined by the spring
in each injector. There are no electric signals, and the injectors
do not meter the fuel; they just continually inject fuel and
atomize it. When an injector is working, you can hear a chatter
as fuel pressure vibrates the open valve pins to atomize the
fuel. Delivery stops when fuel pressure drops; the injector
closes to keep fuel in the injector lines.

Fuel-line connection

Directional
shield

Fig. 3-10. Mechanical injectors are simple, no electrical con-
nections. K-basic, K-lambda, and KE are all sim-
ilar.

Air-Shrouded Injectors

Beginning in 1984, some KE systems have air-shrouded
injectors to improve fuel atornization. Better fuel alomization
means more efficient combustion, This saves fuel and reduces
exhaust emissions, The injectors are mounted in a special air
shroud in the intake manifold as shown in Fig. 3-11. At idle,
lower manifold pressure at the injector tips induces air flow from
upstream of the throttle to flow around the injected fuel stream.
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Injector
Metal

Intake manilcld
Air shroud

Air nozzle

Fig. 3-11. Most KE imjectors are air-shrouded to improve fuet
atomization for smoother idie, better fue! economy
and reduced emissions.

4, FUEL METERING

In continucus systems, all fuel metering takes place in the
fuel distributor. This section describes basic fuel metering for all
systems: maiching a proportional amount of fuel to the air
entering the engine to create the correct air-fuel mixture. This
basic air-fuel mixture is then fine-tuned by the control system to
compensate for different operating conditions. The control sys-
tems for each system are different; I'll describe them in detail in
th >t section, 5. Control Systems.

4.1 Basic Fuel Metering

Basic fuel metering occurs when air entering the engine lifts
the sensor plate, which in turnfifts the control plunger in the fuel
distributor, allowing fuet to flow to the infectors. See Fig, 4-1,
You've already seen how the air-flow sensor rmeasures air flow
and fifts the plunger, now Pl show you just how the control
Plunger and fuel distributor turn that air-flow measurement into
a proportional fuel quantity.

Fge! Control
dislributor— |;§‘ plunger
Fuel oul=as ln

1

Fuel in—e=

Adr flow

Fig. 4-1. Schematic view of mixture-control unit. Basic fuel
melering begins when air-flow sensor lifts control
plunger in fuel dislributor, aitowing fuel 1o flow to
injectors.

Control Plunger Movement and Slit Size

The controf plunger is mounted in the center of the fuel
distributor, ir a precision housing called the "barre!”. See Fig.
4-2, The fuel pump supplies fuel at system pressure fo the
lower portion of the barrel, As the plunger is lifted, the fuel flows
though upper slits to the injectors. See Fig. 4-3. There is one siit
for each injector.

Control

Contral
plunger

Fig. 4-2. The conirol-plunger and its barrel Metering of fuel
takes place at precision slit, one for each cylinder
Same for K-basic, K-lambda, KE

Fuel Metering
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Fuel in
from purnp

Fig. 4-3. Fuel flow through control-plunger barrel. As the
plunger control edge rises, it uncovers the slits.
Precisely sized slits are very narrow: approximately
0.2 mm (008 in.).

The key to control-plunger fuel metering is the control edge
of the plunger. This controls the amount that the upper slits are
open, and therefore the amount of fuel that flows through the
silts to the injectors. See Fig. 4-4. As the plunger is lifted in the
barrel, the control edge of the piunger exposes more of each
slit. Low air flow into the engine causes a small lift of the sensor
plate and plunger; a small amount of each slit is exposed,
delivering a small guantity of fuel through each slit. Increased
air fiow increases sensor-plate and plunger lift; more of each siit
is exposed and fuel flow increases.

@

Control
plunger

Fig. 4-4. The more the control piunger rises, the greater the
flow of fuel through each shl.

Fuel Metering

Fuel Metering and Pressure Drop

Fuel flow to the injectors is influenced not only by the size of
the exposed slit, but also by the pressure drop at the slit, Think
of it this way: the pressure drop at the metering slits is the
pressure differential between system pressure inside the slit
pushing fuel out, and the lower pressure outside the slit in the
fue! distributor. If the pressure drop changes for a given air fiow
and plunger lift, fuel flow through the siit also changes. For
example, increased pressure drop forces more fuel to flow
through the slit; fuel delivery increases.

Changing pressure drop at the slits causes problems with
the linear relationship between air flow and fuel flow. When the
control plunger rises, a more open slit changes the pressure
drop and upsets the basic proportional relationship between
air flow and fuel flow. So while increased air flow produces a
linear increase in plunger lift, it does not necessarily provide a
linear increase in fuet flow. At a certain point the change in
pressure will cause the air-fuel mixture to be incorrect.

To hold constant pressure drop at the slits for the entire
range of plunger lift, all continuous systems have something
called Differential-Pressure Valves in the fuel distributor.

Differential-Pressure Valves and Pressure Drop

The differential-pressure valves maintain a constant pres-
sure drop at the metering slits of the control plunger by reacting
to the increased fuel flow that comes with a larger slit opening.
There is one differential-pressure valve for each injector. They
are mounted in chambers in the fuel distributor, and have a
flexible metal diaphragm that separates the upper and lower
halves of the chamber. See Fig. 4-5.

{0 injector to injector

$ t
Differential

Diaphragm
pressure vaive T prag

— Qutlet

Comrol/

plunger

Fig. 4-5. Schematic view of fuel distributor shows location of
differentiai-pressure valves. There is one valve for
each fuel injector. Arrows indicate fuel flow through
the contral plunger and differential-pressure vaives.
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As the control plunger rises, and fuel flow into the
differentiat-pressure valve increases, the fuel pressure deflects
the diaphragm. This causes a proportional increase in the area
of the fuel outlet to the injector and maintains the same pres-
sure drop at the control-plunger slit. Even though there is more
fuel flow through a more open slit, the differential between
pressure inside the slitand pressure outside the slitis constant.

it may seem, because the defiection of the diaphragm
enfarges the outlet o the fuel injectors, that fue! metering is a
function of how close the diaphragm is to the outiet. But this is
not the case. All fuel metering takes place at the control-plunger
slits. The movement of the diaphragm acts oniy to maintain
constant pressure drop—to eliminate pressure drop as a vari-
2"’ and maintain accurate metering to each injector, regard-
lew. of changing fuel flow rates.

As you'll see In 5. Control Systems, the differential-
pressure valves play an important part in how the control
systems fine-tune the basic air-fuel mixture. The control sys-
tems maniputate fuel pressure in the differential-pressure
valves to change the pressure drop at the slits for a given
plunger ift.

Comparison of Differential-Pressure Valves

In each differential-pressure valve the diaphragm separates
the flow of injector fuel through the upper chambers from the
fuel in the lower chambers. The upper chambers arg separate
so that the pressure-drop regulating function is independent for
each injector and its line.

in K-basic and Klambda, there is a spring which pushes
down on the diaphragm to reduce the pressure in the upper
chamber by 0.1 bar (1.5 psi). See Fig. 4-6. It is this pressure
d* which causes fuel to flow out through the slits to the upper
chambers and from there to the injectors.

in K-basic, the fower chambers are always at system pres-
sure so the job of each diaphragm is to flex up and down to
maintain the constant 0.1 bar pressure drop regardless of flow
in the upper chamber.

In K-fambda systems, the electronic control systems oper-
ate to change the lower-chamber pressure. The fiexible dia-
Phragms still move up and down to equalize the pressures in
between the upper and lower chambers, except as modified by
the spring in each differential-pressure valve and bythe change
in fower-chamber pressure,

in KE systemns, the control systems also change the lower
Chamber pressure, but the valves are different from K-lambda.
The spring presses up from the bottom as shown in Fig. 4-7.
he reasons for this difference are explained in detail in 5.
Control Systems.

Fuel metered at
sht, with constant
preSSL}re drop

o>

System pressure
minu$ constant
0.1 bar spring

Spring (pushes
- down with

. Qi$ ktfa.r force) ﬁ force
Metal i L]
diaphragm / * ¢ T =
..p /e ° =K }

Fuel cutlet

Fig. 4-6. Cross-section of K-basic differentia-pressure valve
in fuel distributor shows dellection of chiaphragm
from fuel flow. Accuracy of fuel metering is precise,
based on constant pressure drop for each cylinder
sht regardiess of changing fuet flow rates.

8183aCIS.BCH

Fig. 4-7. In KE systems, spring in differential-pressure vakve
presses up aganst diaphragm. Flexble metal dia-
prragm still deflects with fuel flow, as modified by
iower-chamber pressure.

Summary of Basic Fuel Metering

To briefly summarize basic fuel metering of continucus
systems: Air flow entering the engine lifts the senser plate and,
in turn, the cantrol plunger in the fuel distributor. Fuel-pressure
counterforce applied to the top of the pilunger balances the
force of the air entering the engine and stabilizes plunger ang
sensor-plate movement. As the control plunger rises, its control
edge uncovers the metering slits in the piunger barrel. As the
slits open, fuel flows through the differential-pressure valves
and outto the injectors. Fuel pressure opens the injectors, and
the injectors atomize the fuel. :

Fuel Metering
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The differential-pressure valves operate to equalize pres-
sures between each upper chamber and its iower chamber. As
a resuit, even as the defivery quantity changes to meet chang-
ing engine operating conditions, the pressurg drop at each siit
remains consistent with the spring pressure in the chamber
and the lower chamber pressure. That insures equal delivery to
each cylinder for increased engine smoothness.

5. CONTROL SYSTEMS

In 4. Fuet Metering, I've described the basic fuel metering
function: of the air-flow sensor and the fue! distributor-the
basic matching of fuel and intake air in the proper proportions.
As I've described in chapter 2, modern fuel injection systems
must make even finer adjustments to the mixture to maintain
the stoichiometric air-fuel ratio and to compensate for the
demands of different operating conditions.

This section describes how control systems manipuiate fuel
pressures in the system to fine-tune the basic air-fuel mixture.
For any given air flow the basic fue! metering system creates
the basic air-fuel mixture, and the control systems enrich or
lean the basic mixture for more precise control of fuel metering.

There are two methods that the control systems use to
adiust the basic mixture —changing slit size, and changing
pressure drop at the slits. Later, you'll see how the control
systems of each of the three continuous systems, K-Basic,
K-Lambda and KE, apply these methods in different ways,

Changing Slit Size

The first method of adjusting fuei metering is to change the
position of the control plunger for a given air fiow by changing
the counterforce on the plunger. You've seen how the fuel
pressure counterforce is used to oppose the lift of the cantrol
plunger (against the air-flow force). Recducing the counterforce
allows the sensor plate to lift the plunger higher for the same air
flow, exposing more of the slits and allowing more fue! to fiow
for a richer mixture. Increasing the counterforce reduces
plunger lift for a given air flow, exposing less of the slits and
resulting in less fuel flow for a leaner mixture, This control is a
fine adjustment to the basic movement of the plunger by the
air-flow sensor; 'l refer to it as "changing skt size.”

Changing Pressure Drop

The second method the control systems use for Mmixture
adjustment is the manipulation of pressures on either side of
the differential-pressure valves. This changes the deflection of
the diaphragm and, in turn, changes the pressure drop at the
slit. Remember, pressure drop here is the difference between
pressure inside the siit and pressure outside the slit. For any
given air flow and plunger lift, a change in the pressure drop
changes the amount of fuei flowing through the slit, enriching
or leaning the mixture. This control is in addition to the normal
action of the differential-pressure valves; Il refer to it as “chang-
ing pressure drop.”

Control Systems

5.1 K-Basic—Changing Slit Size

K-basic systems use fuel under pressure as a hydraulic
controf fluid to maintain counterforce on the control plunger.
This is called control pressure, To fine-tune the basic fuel
metering, K-basic systems vary control pressure to change the
counterforce on the control plunger. This changes the lift of the
plunger and the size of the metering siit for a given air flow. The
K-basic control system does not affect the differential-pressure
valves. They deflect in a normal way to keep the pressure drop
at the control-plunger metering sfits constant.

Control-Pressure

As shown in Fig. 5-2, control pressure is applied through
passageways in the fuel distributor. A flow restrictor admits fuel
pressure from the systern-pressure side to the control-pressure
side without delivering full system pressure to the top of the
plunger. A damping restrictor admits control-pressure force to
the top of the plunger in order to balance the air-flow force of
the air-flow sensor plate. The damping restrictor is large
enough to permit transfer of pressure, but smali enough to
dampen any possible oscillation of the sensor plate and
plunger which could result from pulsating air flow.

Control-Pressure Regulator

The control-pressure regulator adjusts contro! pressure by
returning excess fuel from the control pressure circuit to the fuel
tank. See Fig. 5-3. If mare fuel is bled off to the tank, control
pressure is reduced, If less fuel is bled off, control pressure is
increased. .
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Fig. 5-1. Schemalic of K-basic system shows alt of the com-
ponents. Control-pressure regulator and its com-
pensalion of the basic air-fuel mixture is described

in this section.
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restrictor regulator injector
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Fig. 5-3. Control pressure regulater adjusts control-pressure
Fig. 5-2. Relationship of control pressure and system pres- counterforce on the plunger by bleeding off fuel to
sure in K-basic. System pressure is constant, con- the fuel tank.

tral pressure varies.
P Controf Systems
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As shown in Fig. 5-4, the control-pressure regulator consists
of a valve mounted on a bimetal arm. The arm is made up of
two different metals of different expansion rates. It bends one
way when it is cold and the other way when it is warm,
changing control pressure in response to temperature.

When cold, the natural shape of the bimetal arm pulls the
diaphragm away from the valve. As a result, the valve:

¢ increases fuel return to the tank, and
& reduces control pressure

As the regulator warms, the bimetal arm bends the other
way. The spring closes the valve, which: .

® decreases fuel return to tank, and

® increases control pressure

Controf pressure
{from ixture-control unit)

Control-pressure valve
1o Fuel
tank
Electricat
connection — ﬁ

oy

Electric Bimetal Yalve
winding arm SpAng

Fig, 5-4. K-basic controi-pressure regulator. When cold, bi-
metal arm bends down. This increases fuel return
and lowers control pressure, reducing counterforce
on the control plunger. When warm, spring lifts
diaphragm to increase control pressure and coun-
terforce on the plunger. - : -

Control Pressure and Mixture Adjustment

Remember that the basic action of the fuel-pressure coun-
terforce cn the plunger is to balance the force of the air flow
entering the engine, so that the movement of the sensor plate

.and plunger is opposed. Hthis counterforce is changed, but the

air flow stays the same, the amount that the sensor plate and
plunger lift will also change. )

Control Systerns

The primary action of the controi-pressure regulator is to
enrich the basic mixture for cold operating conditions by re-
ducing the control-pressure counterforce on the control
piunger. As you saw above, when the controi-pressure regu-
lator is cold, control-pressure counterforce on the plunger is
low. The plunger is able to rise higher for a given air-fiow force,
uncovering more of the metering skits so more fuel flows for the

same amount of air. This enriches the mixture, improving cold

driveability.

As the controi-pressure regulator and its bimetal arm warm
up, control-pressure increases. This increases counterforce on
the piunger and it is forced lower for a given air-flow force. This
reduces the size of the slits and leans the mixture. The regu-
lator eventually warms to the paint where it né longer compen-
sates the mixture for cold conditions; only the basic sensor-
plate fift of the control plunger determines the mixture.

Atypicat control pressure at freezing temperatures might be
1 bar (14.5 psi), and warm control pressure 3.5 bar (51 psi). As
you'll see in chapter B, measuring controf pressure is the best
way to check the operation of the regulator as pressures
change with temperature.

The control-pressure regulator is usually located on the
engine block, as shown in Fig. 5-5, so that engine-block tem-
perature can affect the position of the bimetal arm. The regu-
lator is often buried and hard to find, Look for two fuel lines to
the fuel distributor; one is the control-pressure line to the
regulator, and one returns fuel to the'tank. In pre-1978 systems,
return fuel flows uncontrolled through a “tee"” into the return
line from the system-pressure regulator. In 1978 and later,
return fuel flow is controlled by the push valve, through the
system-pressure regulator and back to the tank. See earlier

- Fig. 3-7.

Fig. 5-8. Control-pressure reguialor (arrow) is often buned.
located on the block to react to engine temperature
Look for two lines from the mixture-control unit
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After a cold start, fuel enrichment needs to be cut back in
one or two minutes, but the engine block might take 10 minutes
to warm up to the point where it affects the bimetat arm in the
cortrol-gressure regulator. To insure that the mixture is not
enriched for toofong, an electric heating coil warms the arm
when the ignition is turned on. Warm-up needs are different for
each car modet, so do not interchange regutators.

Additional Control-Pressure Compensations

Th_e_ control-pressure regulator was originally called the
warm-up regulator (WUR), because in its early applications,
warm-up compensation was its only job, In some cars, contral-

- pressure changes are also used for other reasons; to enrich the

mixture during full-load operation or when under boost from a

- I "ocharger, or to lean the mixture for altitude compensation.

.

For load compensation, the special controf-pressure regu-

~ lator has a second diaphragm which responds to engine load
" by sensing intake manifold pressure. See Fig. 5-6. High man-

ifold pressure from an open throttle or from turbocharger boost

-, influences the diaphragrn and fowers control pressure. Lower
" control pressure allows greater plunger lift, more open siits,
~and greater fuel flow for a richer mixture. You can recognize

these special control-pressure regulators by the vacuum-hose
connection to the intake manifold, and by the extra chamber
along the bottom of the regulator.

At part-throttle, when little enrichment is needed, manifold
pressure is less than atrmospheric pressure in the lower cham-
ber of the diaphragm. This raises the 'diaphragm to add its
spring pressure to the control-pressure valve. Control pressure
is high, and there is fittle additicnal lift of the controf plunger to
enrich the rixture.

Altitude compensation is provided by an aneroid chamber

" atthe bottom of the regulator. This chamber expands as the air

G chinner at higher altitudes; this in turn acts on the control-

- Pressure valve to increase control pressure and lean the mix-
b 'ture

Part
load

L4

Return

l System pressure

Valve
spring

Lower _J
chamber . Diaphragm

Fuli load
or
Turbo

Fig. 5-6. Full-oad control-pressure regulator on some K-

“basic and K- lambda systems has vacuum connec-
tion to intake man:fofd $0 control pressure is mod-
ified according to manitold pressure. Full-load or
turbocharger-boosted mantfoid pressure (bottom)
_presses down on lower diaphragm to reduce con-
" trol pressure and enrich mixture.

Control Sy&{ems
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5.2 K-Lambda—Changing Slit Size and Pressure
Drop

K-lambda control systemns adjust the basic air-fuel mixture
by a combination of two ways. The first is by changing siit size
for a given air flow. This is done just as in K-basic, by the
control-pressure regulator, primarily for cold running.

The second method of adjusting the basic air-fuel mixture is .

by changing the pressure drop at the control-plunger slit so
that fuel flow changes for a given plunger lift. This is done by
manipulating pressures in the differential-pressure valves.
Pressure in the valves’ lower charmbers is controlied by the
Lambda Contral Systern, in response to the signals from a
fambda sensor in the exhaust system,

K-L.amhbda Differential-Pressure Valves and
Mixture Adjustment

As you saw earlier, the K-basic differential-pressure valves
hold the pressure drop constant at the metering slits of the
control plunger. The deflection of the valve diaphragm in-
creases with fuel flow for this pressure-drop function. if air flow
and plunger lift stay the same but the deflection of the dia-
phragrn is changed for some other reason, the pressure drop,
and therefore the amount of fuel flowing through the slits, will
also change.

For exampile, with a given plunger lift and fuel flow through
the slits the pressure drop at the slits is a constant. But if the
lower-chamber pressure of the differential-pressure valves is
lowered, the diaphragm will defiect further. This extra deflection
of the diaphragm decreases pressure in the upper chamber
and increases the pressure drop at the slits; more fuel flows for
the same plunger iift, enriching the mixture.

K-lambda control systems use this method to adjust air-fuel
mixture. The lower-chamber pressure of the differential-
pressure valves is not system pressure, as in K-basic. The
pressure in the lower chambers, and therefore the pressure
drop at the slits, is controlled by a separate pressure circuit
which is in turn controlled by the lambda control system. Fuel
is admitted to the lower chambers through a restrictor, and
flows back to the tank through the lambda valve and the fuei
return fines. In that way, the pressure of all lower chambers is
controlled by the lambda vaive.

Lambda Controf System

The lambda control system includes a lambda sensor, a
lambda electronic control unit, and a lambda controi valve. See
Fig. 5-7. The lambda valve (sometimes called a frequency
valve, or timing valve} looks similar to a pulsed fuel injector, as
shown earlier in Fig. 1-5. It opens and closes in a similar
manner, but its opening and closing does not meter fuel.
Rather, the amount of time the valve is open controls the
pressure in the lower-chambers of the differential pressure
valves. This in turn changes upper-chamber pressure to
change the pressure drop and change enrichment,

Controf Systems

Lambda
Sensor

Controf
unit

Lambda valve

from
T Control-
pressure
o F“elregula{or
tank
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“Lambxia-control
pressure
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System
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Fig. 5-7. In addition to K-basic conlrol-pressure regulator.
K-lambda control adds lambda sensor (or oxygen
sensor], control unit, and lambda valve. Note addi-
tional fuel connection 1o pressure regutalor,

The opening of the lambda valve is controlled by the elec-
tronic control unit, which maonitors the signal from the lambda
sensor (also known as the oxygen sensor.) The lambda sensor
sends a signal to the control unit which is based on the oxygen
content in the exhaust. The control unit then operates the
lambda valve to control lower-chamber pressure.

The lambda valve is a solenoid valve which is either open or
closed. The control unit sends on-off voltage puises to the
lambda valve. The frequency of these puises determines the
amount of time the valve is open and, therefore, the amount of
fuel that is returned to the fuel tank. The on-off cycle of these
pulses is known as the duty cycle. Duty cycle is measured on
a scale of 0 1o 100%. When the duty cycle is 50%, that means
the lambda valve is open 50% of the time and closed the rest
of the time.

Duty cycle can also be measured using a dwell meter scale
of O to 90°. If you read a 50% duty cycle on a dweil meter set
to the 4-cylinder scale, it would read 45° (50% of 90°).
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Lambda Control and Changing Pressure Drop

When the lambda valve's duty cycle increases so that it is
open ionger and returning more fuel to the tank, lower-
chamber pressure is reduced. The differential-pressure valve
diaphragms defiect further, reducing upper-chamber pressure.
This increases the pressure drop at each metering slhit and
more fuel flows through the stits for any givers plunger [ift. In
short, the greater the duty cycle, the richer the mixture.

On the other hand, reduced duty cycle means less fuel
bleeds off from the lower chamber; that increases chamber
pressure and decreases deflection of the diaphragm. This
reduces the pressure drop and fuel flow at the slits. So, less
duty cycle means a leaner mixture. See Fig. 5-8.

Lambda Closed-Loop Control

The control of enrichment of the basic mixture by the
fambda-control system is closed-lcop, based on the signal
from the lambda sensor. The control system continuously
corrects the air-fuel mixture for a given plunger lift so that the
mixture is held near the ideal, stoichiometric ratio necessary for
catalytic converter operation.

As exhaust gas passes the lambda sensor, oxygen-content
signals are sent to the lambda control unit. The control unit
changes the duty cycle of the lambda-control valve to change
pressure drop at the slits and adjust the mixture. The resulting
change in exhaust-gas oxygen content changes the lambda-
sensor signal. The control unit senses the change and contin-
uously changes the duty cycle of the lambda valve. The cycle
is continuous. See Fig, 5-9.

The oxygen content of the exhaust is continuously chang-
ing, so the lambda-control system averages to achieve the
i¢ mixture. it tends to correct to either side of the stoichio-
metric ratio, but always in a very narrow range. For more on
closed-loop systems and the operation of the lambda sensor,
see chapter 3.

Lambda Thermoswitch

Because lambda sensor operation depends on high tem-
Perature, the system operates open-loop before the sensor
warms up. This can cause driveability problems and increased
exhaust emissions due to imprecise mixture control. To correct
this, many cars have a lambda thermoswitch, located in the
coolant (or on the cylinder head of air-cooled Porsches} to give
the controf unit an additional input and insure proper fuel
metering during engine warm-up.

When the engine is cold, the thermoswitch is closed. The
control unit sends a fixed, slightly-rich duty-cycle signal of 60%
1o the lamida control valve. When the thermoswitch warms
enough to open, the control unit sends a fixed middle signal,
50% duty cycle. When the lambda sensor reaches operating
temperature $o its signals are valid, the control unit switches to

closed-loop operation. Remember, in closed-loop the duty-
cycle signals are constantly changing, cycling back-and-fortte
between about 45% and 55%, so that the airfuel ratio is
maintained near stoichiometric; lambda (A} = one.

Maore fuel
o ryecior

Increased pressure drop.
and increased fuel flow

¥y
Mo
Fuef wd
inlet —y
L Diaphragm Lower

oressura
I Larmbda vaive
open more ime
f {increased duty
} cycie)

Maore fuel returned

to tank
Less fuel
1o injector
Decreased pressure drop,
and decreased fuel flow
Fuel o -
intet —— f
Restrictor
Higher
pressure

[ Lambda valve
open less tme
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[ [ cycle}

Less fuel returned
to 1ank

Fig. 5-8. K-lambda vaive adjusts mixture by changing pres-
sure drop at the metering slits. Top: More open
valve returns more fuel, decreases lower and upper
chamber pressure, and increases pressure drop
and fuel delivery at slits, enriching the mixlure. Bot-
tom: Decreased opening of valve decreases fuel
return, increases lower and upper chamber pres-
sure, and decreases pressure drop and fuel deliv-
ery at slits, leaning the mixture. Note that fuel is
metered at the slits, not at the diaphragm.

Control Systemns
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Fig. 5-9. When K-lambda operates closed-loop, the lambda
sensor in the exhaust signals oxygen content to the
iambda control unit. Signals to the tambda valve on
the mixture-control unit change the air-fuel ratio to
achieve stoichiometric mixture as burned in the
engine.

5.3 KE Systems —Changing Pressure Drop

The KE control system adjusts the basic air-fuel mixture in
only one way, by changing pressure drop at the control-
plunger slits. KE systerns do not have a control-pressure reg-
ulator or lambda-control valve. Instead, these controls are re-
placed by the KE control system —a series of sensors similar to
those used in pulsed fuel injection, a control unit to monitor
those sensars, and a pressure actuator on the fuel distributor,
operated by the control unit.

For any given air flow, slit size in KE systems is governed
only by the basic fue! metering — by the lift of the sensor plate.
The KE control system changes pressures in the chambers of
the differential-pressure vaives, and therefore pressure-drop at
the slits, to handle ali adjustments to the basic air-fuel mixture
to compensate for warm-up, emission control demands, and all
other operating conditions,

On KE systems, the counterforce on the plunger that bal-
ances the air-flow force is system pressure, which is constant.
So for any given air flow, piunger fift and slit size is constant.
See Fig. 5-10. That's in contrast to K-basic and K-lambda,
where reducing control pressure allows the piunger to rise
further for a given air flow, increasing slit size to increase fuel
delivery.

KE Differential-Pressure Valves and Separate Fue}
Flows

In order to achieve more accurate pressure control by the
KE control system, there are two fuel flow paths into the
chambers of the differential-pressure valves. See Fig. 5-11. In
one path, fuel enters the control-plunger barrel at system
pressure. It then flows through each slit into each separate
upper charnber at reduced pressure, and out to the injectors.
F'll call this injector fuel. The basic rate of injector fuel flow is
determined by the lift of the control plunger by the air-flow
sensor, just as in the other systems,

Control Systems

In the other path, fue! at systers pressure first flows to
something called the pressure actuator. Fuel then flows at
reduced pressure through the lower chambers and a restrictor
and back to the fuel tank. I'll call this actuator fuel, The fixed
restrictor controls the rate of flow out of the lower chambers.
The variable pressure actuator controls the amount of fuel
throughflow passing into the lower chambers, and therefore
controls lower-chamber pressure and pressure drop at the
slits. The operation of this controf system is fn addition to the
basic fuef metering of the controt plunger.

from control-pressura j
requlator

B208CIS.BCH

from Fuel pump
KE: System pressure

K: Control pressure

Fig. 510, KE meters with constant system pressure on the
control plunger, $C for any given air flow plunger iift
is constant and slit size stays the same.
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Actuator fuel
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Control unit
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Actuator fuel

Fig. 5-11. KE injecled fuel flow through each upper chamber
is separated from actuator fuel flow below the
diaphragm, which is spring loaded from below, KE
actuator fuel flows continuousty through the lower
chambers. This throughtlow is controfled by the
pressure actuator,

i
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KE Differential Pressure and Pressure Drop

in K& systems, the pressure drop at the slits, and therefore
adjustment of the basic fuel metering, is controlled by the
pressure drop at the entrance to the pressure actuator. This is
alsc known as the Differential Pressure, the difference between
actuator fuel pressure in the lower chambers and system
pressure entering the pressure actuator.

The differential pressure directly affects the deflection of the
differential-pressure valve diaphragms and so controls the
pressure drop at the slits. Remember, by changing the pres-
sure drop at the metering slits of the controi plunger, fuel flow
is changed for a given air flow and slit size.

The differential pressure is controlled by changing the flow
of a  tor fuet through the lower chambers. This contro! of
throughflow is by the pressure actuator at its inlet. See Fig.
5-12.

Pressure arop caused |
1‘ - here by position of  {pi::]
actualor plate

injeclor fu

eSI‘
ggr 1 Actuator fugl -

Actuator fugt —m
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Fig. 5-12. InKE syslems, pressure drop at the slits is related
through the diaphragm 10 pressure in the lower
chamber. The differential pressure—the differ-
ence between system pressure and lower-
chamber pressure—determines the pressure
drop. Pressure drop at the siits is differential pres-
sure minus 0.2 bar upward spring pressure.

Pressure Actuator

The pressure actuator is part of the mixture-control unit that
controls actuator fuel flow through the tower charmbers. For any
given air flow and its related control-plunger slit opening, the
actuator compensates the mixture by changing actuator fuel
fiow to change the differential pressure. The actuator is shown
mounted on the fuel distributor in Fig. 5-13.

The key to the operation of the pressure actuator is the small
Plate valve that contros fuel throughflow. See Fig. 5-14. A small
electromagnet causes the plate to move closer to or farther
away from the fuel inlet to the actuator, For exampie, fuel flows
to the actuator inlet at system pressure. Increased current flow
through the electromagnet increases the magnetic force and

pulls the plate closer 1o the inlet. This reduces the flow and
pressure of the actuator fuel in the lower chambers, changing
the differential pressure. The actuator plate vaive is controlied *
by the electronic control unit, as you'll see later. The valve is
very small so that it can move rapidly in response to changing
engine conditions.

Fig. 5-13. KL pressure actuator controls ~rxiure by control
ing dlow of actuator fuel nrough the lower
Chambars

Actualor piate

“Fuel outiet
! (to lower chambers of
juel distributor)

Electromagnet

Fig. 8-14. KE prassure-actuator plate vaive controls fuel flow
through pressure actuator.

Control Systems
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Pressure Actuator and Mixture Adjustment

Fig. 5-15 shows the relationship of differential pressure and
pressure drop at the metering slits and how it affects basic fuel
metering. When the plate is closer to the actuator inlet it
restricts the flow of actuator fuet. Differential pressure increases
and the diaphragms deflect further. This increases the pres-
-sure drop at the control-plunger slits and increases the flow of
injector fuel for a given plunger lift, When the plate is further
away from the inlet the differential pressure is less so the
diaphragms deflect less, This decreases pressure drop at the
slits and reduces the flow of injector fuel for a given plunger lit.

Normal

0.2 bar pressure 4.8 bar 4.6 bar
drop at siits upper-chamber lower-chamber
pressure

pressure

0.4 bar differential pressure

|

5.0 bar system pressuré—t

pressure

B183Ci5.8GH

To Enrich

1.2 bar pressure 3.8 bar 3.8 bar
-drop al slits upper-chamber tower-chamber
pressure

/Jressure

590 bar/

system
pressure

1.4 bar c}ih‘erentiat pressure

p——

5.0 bar system pressure-j

Fig. 5-15. Pressures in the KE differential-pressure vaive
chambers compared to differential pressure. Top:
With little deflection of actuator plate differential
pressure is low. Actuator fuel flow increases to
increase upper-chamber pressure, Pressure drop
at the siits drops, restricting the fiow of injector
fuel. Bottom: On the other hand, increased mag-
netic force increases differential pressure, in-
creases pressure drop at slits, and increases fuel
flow,

Control Systems

You can think of the pressure function of the actuator this
way: Pressure drop at the metering slits is equal to system
pressure minus upper-chamber gressure, Upper-chamber
pressure is equal to system pressure plus the 0.2 bar spring
pressure, minus the differential pressure. See Fig. 5-16. Re-
member, differential pressure is the difference between system
pressure and pressure in the lower chambers controtied by the
pressure actuator. As you'il see in chapter 6, you can't test
differential pressure directly. You have to first measure system
pressure and then subtract measured lower-chamber pressure
to get the differential.

System pressure plus
0.2 bar spring force,
minus lower-chamber
pressure

Y

Pressure drop at

slits equals system
pressure minus upper-
chamber pressure

; ystem
: pressure

+"System pressure minus
1 prassure drop at
pressure-aciuator valve

Spring pushes up
with 0.2 bar (3 psi) force

Fig. 5-16. Reiatlonshfp of pressures in KE differenual-
pressure valves.

Control Unit and Sensors

The amount of current supplied to the pressure-actuator
electromagnet for mixture control is determined by the KE
control unit. To determine the correct current, the control unit
depends on inputs from sensors much like those used on
pulsed systems. See Fig. 5-17. These inputs include those
from the ignition circuit for engine-speed, the tambda sensor,
the engine-temperature sensor, the intake-air temperature sen-
sor (on Mercedes-Benz, beginning 1986), the sensor-plate
potentiometer for acceleration, and the throtlle switch for .
closed and wide-open throttle indications. Control-unit outputs
include the pressure-actuator signal and, on some models,
signals to an idle-speed stabilizer.

i



CONTINUOUS INJECTION—THEORY 27

Control

unit

Distributor ‘J
|

I [

Lambda
Sensor

Engine-
temperature
sensor

Throttie
switch

Pressure
actuator

Sensor-plate
polentiometer

L]
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Fig. 5-17. Most KE inputs to control unit are similar to those
of pulsed systems. Senscr-plate potentiometer is
unique to KE, operating something like a throttle-
position sensor. For more informaticn see 6.
Functions and Compensation.

Actuator Current, Pressures, and Air-Fuel Ratios

*nen troubleshooting, a digital meter can be used to mea-
st .ne control-unit actuator current. It's very small, measured
in milliamps {mA), so be aware that small mifliamp currents are
affected by oxidation on connectors. The connectors must
remain clean and must not be bent by probes inserted to read
small currents. The following are some examples of how the
control current relates to pressure-actuator mixture adjustmert.

For typical warm-engine operation, current flow is about 10
mA. If you remember the discussion above, this causes a small
deflection of the plate valve for a small difference between
System pressure and lower-chamber pressure. The differentiat
on a fuel gauge would be about 0.4 bar. Pressure drop and
injector fuel flow at the slits is normal.

To fean the mixture, the plate is allowed to move away as the
Current is reduced, to perhaps only 1 mA. The differential
Pressure falls to only 0.2 bar, so injector fuel decreases.

To enrich the mixture, as in engine warm-up, the plate is
Pulled closer with more current, say 7¢ mA. Differential pres-
Sure increases to 1 bar, so injector fuel increases. More actu-
ator currert means more differential pressure, more deflection

of the differential-pressure valve diaphragms, and more pres-
sure drop at the metering slits, so more fuel is injected. When
you've got that, you've got the basic idea of the KE-Jetronic
control system’s adjustment of the basic fuel mixture.

The graph shown in Fig. 5-18 locks complicated, but a
moment of study will give you a good summary of actuator
current as it affects the air-fuel ratio. This typica! curve does not
apply to any specific car.

On the baseline, read the pressure-actuator current in mi-
liamps (MA). Onthe left, one vertical scale shows the pressure
drop at the slit: the difference between system pressure and
upper-chamber pressure. The other vertical scale shows the
specified differentiai-pressure, the difference between system
pressure and lower-chamber pressure. These numbers are 0.2
bar higher than corresponding pressure drop numbers, the
result of the 0.2 bar pressure from the spring in the lower
chamber.

The right column shows the corresponding air-fuel ratios.
Foliow the curved line to see how changing pressure-actuator
current changes the air-fuel ratio,

Control Systems
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Pressure {in bar)

Spring pressure (0.2 bar)

Pressure drop Pogt Start o1
|- {System pressure minus upper-chamber pressure; start pam——
1.0 1.2 the force that controls amount of fue! injectad)
// Warm-up
) . —
Differentiai pressure’ Cold acceleration
0.5, 0.7 {System pressure minus lower- 81
chamber pressure -
specified diff. pressure)
/ Air
fuel
ratio 00
121
Closed-loop
fiuctuation Ideal - stoichiometric 141
0.2 T 147
- — i level
I Atitude Open-lcop — fixed at sea leve
[ compensation
y
16:1
On the baseline, read the pressure-actuator current in milliamps (ma).
On the left, one vertical scale shows the pressure drop at the skit; the 18:1
difference between system prassure and upper-chamber pressure. '
The cther vertical scale shows the specified differential-pressure, the
difference between system pressure and lower-chamber pressure.
These numbers are 0.2 bar higher than corresponding pressure drop
numbers, the result of the 0.2 bar pressure from the spring in the lower
—Limp home chamber. 2001
t-r—o The right coturni shows the corresponding air-fuet ratios. Follow the
curved ling 10 see how changing pressure-actualor current changes
the air-fuel ratio.
Cut-off
Actuator current mA
-20 0 +20 + 40 +60 + 80 + 100 +120 +140
8181CIS.BCH

Fig. 5-18. KE actuator current changes typical pressure’
drop at the slits, and therefore the differential
pressure (system pressure minus fower-chamber
pressurgy and the air-fuel ratio. Notice small
closed-loop fluctuation around stoichiometrie zir-
fuel ratio at 8-12 mA, and the limp-home setting at
iean stop. These values do not apply to any spe-
cific car.
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Limp-Home Mode

The actuator plate is designed to rest at a "limp-home"
posttion if the control-unit current is interrupted. The engine will
continue to run, but slightty leaner than normal since the
actuator current is not fine-tuning the mixture. In this circum-
stance, mixture is determined sclely by the basic mechanical
metering of the air-flow sensor and control plunger. The un-
controlied plate in the pressure actuator allows just enough
pressure drop at the slits to keep a warm engine running. The
engine may not stast, butifit’s running, it will get you home. You
can simuate the limp-home condition on a running warm
engine by disconnecting the pressure-actuator connector.

Logic Circuits

Beginning in 1986, some KE systems have logic circuits in
the control unit which help it to recognize and ignore erroneous
signals, The computer recognizes rapid changes in input from
s0me sensors as improper.and switches to pre-programmed
outputs. For example, the coolant temperature signal does not
normally change rapidiy. If it does, the computer interprets this
as a short or an open circuit, and switches to a predetermined
value associated with a warm engine. Because this capability is
50 new and so vehicle-specific, refer to your car service manual
for more inforrmation.

5.4 Summary of Control Systems: K-Basic,
K-Lambda, KE

Now that I've discussed how the controf systems of the
three types of continuous fuel injection fine-tune the basic fuel

metering of the air-flow sensor and control plunger, I't sum-
marize these systems according to the two important factors:
changing control-plunger slit size for a given air flow, and
changing pressure drop at the slits for a given plunger lift. In all
cases, pressure drop at the slits is the difference between
system pressure inside the slit and upper-chamber pressure in
the differential-pressure valves,

In all three types of continuous systems, the air-flow sensor
and the control plunger meter the basic amoeunt of proportional
fuel to match the air flow. The control systems then manipulate
pressures in the system to adjust the basic air-fuel mixture to
compensate for different operating conditicns. Refer to Fig.
5-19 on the next page for comparison of the manipulation of
pressures in the differential-pressure valves of the three sys-
tems. Note that the following control descriptions are not for
any specific air flow or operating condition,

Table b illustrates these comparisons with numbers. The
table uses the same system pressure of 5.0 bar (73 psi) for
clarity, but be aware that system pressures do vary.

K-Basic

K-basic systems increase fuel delivery to enrich the mixture
for a given air flow by reducing counterforce on the plunger,
allowing it to rise higher. When the engine is cold, the control-
pressure regulator opens more and increases return fiow from
the control-pressure circuit. This reduces control-pressure

counterforce and the plunger rises higher for the same air-flow . :

force. A larger portion of the plunger slit is exposed and fuel ;
fiow to the injectors increases. ¥

Tabie b. CiS Upper-Chamber and Lower-Chamber Pressures

System System pressure Lower-chamber Upper-chamber Pressure drop at Enrichment
pressure pressure slit (system method

pressure minus
upper-chamber
pressure)

K-Basic 5.0 bar (73 psi} 5.0 bar (73 psh 4.9 bar (71.5 psi) 0.1 bar (1.5 psi) Increase slit size
{lower-chamber {by reducing control
pressure minus 0.1 pressure)
bar (1.5 psi) spring
pressure

K-Lambda 5.0 bar (73 psi) 5.0 bar {73 psi) Lower-chamber Varies: 0.1 bar (1.5 tncrease slit size (by

‘ minus reduction pressure minus 0.1 psi} control pressure),
caused by return of bar {1.5 psi} spring plus the reduction in | increase pressure
fuel at lambda valve pressure tower-chamber drop (by lambda

pressure vaive)

KE i 5.0 bar (73 psi) 5.0 bar {73 psi) 5.0 bar (73 psi} Varies: Increase pressure
minus reduction pius 0.2 bar (3 psi) differential pressure drop (by pressure
caused by pressure spring pressure, minus 0.2 bar (3 actuator)
actuator minus differential psi) tower spring

pressure (difterence | force
He between system
pressure and
lower-chamber
pressure}
g P

Control Systems
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Pressure drop at the metering slits of the control plunger is
& constant 0.1 bar (1.5 psi), maintained by the spring in the
upper chamber pressing down on the diaphragm of the
differential-pressure valve, Each flexible diaphragm of the
differential-pressure vaives moves with a change in fuel flow, so
upper-chamber pressure is always 0.1 bar less than system
pressure in the lower chamber.

K-Lambda

K-lambda systems use control pressure to change the mix-
ture, just as in K-basic. They alsc have an additional control
system. K-lambda changes the pressure drop at the slit by
changing the lower-chamber pressure in the differential-
pressure valve.

Fuel pressure in the lower chambers is controlled by the
fambda control system. To enrich as a result of lean signal from
the lambda sensor, the control unit increases the duty cycle of
the lambda-control valve. More fuel is returned from the
tambda-control circuit so lower-chamber pressure drops.
Through the movement of the differential-pressure valve dia-
phragm, this decreases upper-chamber pressure and in-
creases the pressure drop at the slits. More fuel flows for a
given plunger lift and slit size.

With the spring in the upper chamber pressing down, each
diaphragm moves so the pressure drop at the slit is always G.1
bar (1.5 psi) less than lower-chamber pressure. Upper-
chamber pressure is always 0.1 bar less than lower-chamber
pressure as lower-chamber pressure varies according to action
of the fambda control valve,

KE Systems

KE systerns adjust the basic mixture only by changing the
pressure drop at the slit. KE siit size does not vary for a given
air-flow force because the counterforce on the plunger is sys-
tem pressure, which is constant. The fuel flow through the
lower chambers, and therefore lower-chamber pressure, is
controlled by the pressure actuator. This KE control system
compensates for all operating conditions, as weall as maintain-
ing a stoichiometric air-fuel ratio for emission control,

To enrich, increased current from the control unit pulls down
the pressure-actuator plate valve to reduce lower-chamber
pressure. This increases differential pressure —the difference
between system pressure and pressure in the lower chambers.
For any given air flow, this increases diaphragm deflection in
the differential-pressure vaives. The pressure drop at the siits
increases, increasing fuel delivery to the injectors.

With a spring pushing up on each differential-pressure
valve, upper-chamber pressure is 0.2 bar (3 psi) higher than
lower-chamber pressure. Lower-chamber pressure s system
pressure minus differential pressure. Vehicle specifications will
list differential pressures for corresponding actuator currents in
milklamps {mA}.

Control Systems

Spring pushes down K-basic  System pressure |
with 0.1 bar force minug conslant
0 1 bar spring
A force

-/ Systemn
pressure
K-fambda
Spring pushes down Lambda pressure
with 0.1 bar force mnus 01 bar

hN

KE

System pressure plus
0.2 bar spring force

minus lower-chamber
pressure

System pressure minus i
lambda differential I
|

- 1-Systern
pressure

: :._...
Spring ) ==

pushes up

0.2 bar | P

force  System pressure
minus differential

pressure at pressurg- |
acluator valvg K

J

Fig. 5-19, Comparison of differential-pressure vaive pres-
sures in continuous systems. Lift of plunger by air
flow determines basic fuef quantity. Control sys-
temns then manipulate pressure to change rmix-
ture. All three have system pressure inside the
control-plunger siit.

- i
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6. FUNCTIONS AND COMPENSATIONS

You've seen how each control system adjusts the basic
air-fuel mixture, Now you'fl see how that control is applied for all
operating conditions, and you'll also see how other compo-
nents add additional enrichment as necessary.

6.1 Starting

When the key is turned to start, the fue! pump is turned on
through the safety circuit to build system pressure; if the engine
stops turning for more than one second (as when the engine
will not start) the pump shuts off, even with the ignition key on.
For starting enrichment, extra fuel is delivered to the port
iriagtors. In K-basic and K-ldambda, reduced control pressure
« ~smore plunger lift, increasing slit size to deliver more fuel.
in Kk systems, the control unit sends more current to the
pressure actuator for start enrichment, lasting about one sec-
ond. The current is high for maximum pressure drop at the
metering slits, enriching the mixture delivered to the port
injectors.

Cold Starting

For cold starting, in addition to enrichment at the port
injectors, continuous systems enrich the mixture with a cold-
start injector system, similar to that used on pulsed systems.
Also, an auxitiary-air valve or idle-speed stabilizer adds air,
bypassing the throttle plate to increase idle rpm. See chapter 3
for more information. Beginning about 1985, some KE systems
ground the start injector through the control unit, so the
thermo-time switch is eliminated.

Hot-Start Pulse Relay

some cars—notably VWs beginning about 1985—have a
special hot-start pulse relay. See Fig. 6-1. The relay bypasses
the thegmo-time switch and grounds the cold-start injector in
short pllses when a warm engine is started, spraying fuel into
the manifold. This provides additional fuel in the intake manifold
to aid starting when the port injectors are delivering tess fuel
because of high temperatures and vapor in the lines.

6.2 Post-Start/Warm-Up

When the key is released to run, enrichment changes from
engine-crank needs o engine-run needs. Cn K-basic and
K-lambda, the control-pressure requlator warms up, graduafly
increasing control pressure on the plunger. This cuts back the
enrichment factor in a few minutes.

KE post-start enrichment is determined by the control unit
based on input from the engine temperature sensor. Increased
actuator current keeps the engine running, right after starting.
Then enrichment tapers off during warm-up, depending on
engine temperature. See Fig. 6-2.

Hot start
pulse relay
{some cars)

A=

Flg. 6-1. In some VWs and Audis, hot-start pulse relay adds
fuet by energizing cold-start injector during hot-
engine cranking.

Slart

Post-start

3

]

3 Seconds 40 B182CIS.BCH

Fig. 8-2. KE enrichment at start and post-start depends on
temperature. Warm-up enrichment also depends
on time since starting.

6.3 Acceleration

In all systems, rapid opening of the throttle increases air flhw
and causes the air-flow sensor plate to overreact, in a manner
similar to that of pulsed systems vane-type air-flow sensor
flaps. Overswing of the sensor piate aliows the plunger to
momentarily rise higher and enriches the mixture enough to
prevent lean-mixture flat-spots and hesitation. See Fig. 6-3.

Functions and Compensations
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5
g

Throttle valve
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Sensor-plate travel
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Fig. 6-3. Suciden opening of throttle causes overswing of
sensor pate, adding acceleration enrichrment for
K-basic and K-lambda.

Part-Throttle Acceleration

In K-basic and K-lambda, cold-engine overswing is greater
than that of a warm engine because reduced control pressure
on the plunger allows more lift. In addition, some control-
pressure regulators sense manifold pressure to further reduce
controf pressure and add acceleration enrichment.

KE systems use an additional sensor, the sensor-piate po-
tentiometer (also calied the air-flow sensor position indicator),
to signal the need for extra enrichment during cold-engine
part-throttle acceleration, The potentiometer signals how fast
and how far the sensor plate moves as air flow increases. See
Fig. 6-4.

The potentiometer has an arm with sliding contacts that is
connected to the sensor-plate pivot. As the arm moves, it
changes a voltage signal. See Fig. 6-5. From this input, the
control unit sends a compensation output to the pressure
actuator, For about one second, pressure-actuator current

Functions and Compensations

increases, depending on sensor plate movement and on en-
gine temperature and rpm. The greatest enrichment is when
the engine is cold; middle enrichment when the engine is coof;
no enrichment when engine temperature is above 175°F
{80°C). Mercedes-Benz has added an Intake Air Termnperature
Sensor to further compensate acceleration-enrichment for cold
air, a refinement for better driveability.

Wiring connection
to control unit

Potentiometer

Flg. 6-4. Location of potentiométer on KE mixture-control

unit,
Vottage signal
Sensor
plate
position
5V A
RS
av + '
2V 4
v + Air-flow sensor
lever angle /°
ov z ! !
5 10 15

Fig. 6-5. KE adds signal from sensor-plate potentiometer to
errichment from sensor-plate overswing. The more
the lever angle changes, the greater the vollage
signal to the control unit.

Full-Throttle AcéeleratiOn

On K-basic and K-lambda, enrichment is supplied only on
systems with control-pressure reguiators linked to manifold
pressure.
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KE enrichment usually continues as long as the throttle
switch signafs a full-load condition, adding enrichment by con-
trol of the pressure actuator. Some engines, particularly VW,
need fuli-throttle enrichment only during limited rpm ranges, so
the control unit is programmed accordingly. The control unit
adds about 3 mA to the actuator current to compensaie the
mixture for full-load acceleration, depending on the full-load
signal, on rpm and on engine temperature.

6.4 Lambda Control

K-lambda closed-loop operation is described under 5. Con-
trol Systems. Note that closed-foop operation switches to
npen-lcop under these conditions:

* lambda sensor ¢cool, not ready to send valid signals
* engine cool, usuaily below about 105°F (40°C)

* WOT, full-ioad

® coasting cut-off

® gcceleration enrichment (some cars)

KE systems also operate closed-loop with a lambda sensor.
The lambda-sensor signals are processed with the other inputs
to determine pressure-actuator current, The piate valve is al-
ways moving, either slightly toward the iniet or sligntly away
from it, the result of constantly changing pressure actuator
current, With the engine warm, and the lambda sensor hot,
took for actuator current to change back and forth in a narrow
range, typically from 8 to 12 mA. This fluctuation: during closed-
loop operation is normal; the system is adjusting to maintain
the ideal air-fuet ratio. During open-loop operation, with the
lambda sensor disconnected and the engine warm, actuator

ent should be about in the middle of the fluctuations,
according to engine specifications. When you see no change
in actuator current, you know the system is running open-loop.

6.5 Cut-off
{KE oniy)

In KE, to cut off fuel injection, such as during coasting or for
pm fimitation, actuator current is reversed to move the plate
valve completely away from the inlet. With no limit to the
amount of actuator fuel flowing through the lower chamber,
both chambers rise to system pressure. Each spring pushes its
diaphragm up, as shown in Fig. 6-6, closing the outlet and
cutting off injector fuel. On some cars, such as Mercedes, rpm
limitation is also handled by cutting power to the fuel-pump
refay. On most cars, coasting cut-off is inhibited during cruise-
control operation.

Diaphragm

B184CI5.BCH

Flg. 6-6. To cut off fuel in KE systems, pressure actualor
current is reversed (o approximately —40 mA),
pushing plate away frominlet, Zero differential pres-
sure causes lower-chamber spring to raise dia-
phragm, shutting off fuel o injectors.

6.6. Altitude

On some K-basic and K-lambda systems, altitude compen-
sation is buitt into the control-pressure regulator, as described
in 5, Control Systems.

In KE systems on higher-priced cars, an altitude sensor
signals the control unit to reduce pressure-actuator current to
reduce fuel delivery when the air is thinner. The decrease is

about T mA actuator current for each thousand fget above sea - .

level. KE-Motronic systems with adaptive air-fuel mixture con- = .

trol “learn” to adjust themselves and therefore need no altitude
Sensor.

7. KE3-JETRONIC AND KE-MOTRONIC

KE3-Jetronic and KE-Motronic systems combine the control
of KE-type fuel injection with the control of ignition timing. The
difference between the two systems is that KE3-Jetronic has
two separate control units—one for fuel injection, one for igni-
tion timing —and operates with standard KE-Jetronic fuel injec-
tion. KE-Motronic is a true "Motronig¢” system; it has both fuel
injection and ignition control combined into one control unit,
and has a special data-point -map in the control unit that
determines actuator current for all operating conditions.
Ignition-timing condrol for both KE3-Jetronic and KE-Motronic
also uses maps. For more information on timing control,
Motronic systerns, and control-unit maps, see the Motronic
section of chapter 3.

The first application of KE3-Jetronic is on some 1987 Audi
5000s, and all 1988 5-cylinder Audis. Audi calls this system
CIS-E 4. The first use of KE-Motronic is on the 1988 4-cylinder
Audi 80; Audi calls this system CIS-Motronic.

In the two system diagrams, shown in Fig. 7-1 and Fig. 7-2,
you can see the ignition timing input (the Hall-effect sender in
the ignition distributor) that makes these systems different from
KE-Jetronic. The ignition outputs to the ignition coil with power
stage are: 1) close-circuit to begin charging the coit and 2}
open circuit to fire the spark plug.

KE3-Jetronic and KE-Motronic
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Pressure
Ignition coil actuator
with power (differential- pressure
stage )
Fault Cold start idle-speed
indlicator injector stabilizer
r'y fight A valve

Carbon canister
shut-off
solenoid

Coolant termperature
sensor

Ignition Fuet
N e Trato " ecten
) : switches
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Knock J
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Altitude Lambda
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distributor
with Hail
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Fig. 7-1. K&3-Jetronic system used in recent Audi and Mer-
cedas includes diagnostics, but controls fuel injec-
tion with normal Jelronic control unit. Ignition is
controfled by separate control unit.
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- injector [T
~ ‘ : @’\A’“‘-%
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distributor sensor Ciosed throttle and  Alr-flow e - Lanmt;(:’a
wilh Hai : full trottle switches ~ SeNsor Sensor
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Flg. 7-2. KE-Motronic has special Motronic control unit with

special internal dala maps to determine operating
points for actuator current and other functions. in-
puls include Hall sender in distributor, and knock
sensor, Qutputs include ignition coit for ignition
tiring controf.

KE3-Jetronic and KE-Motronic %
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The other KE3-Jetronic and KE-Matronic inputs are the
same as KE-Jetronic: coolant ternperature sensor, closed throt-
tle (icle) and full-throttle switches, air-sensor potentiometer, and
lambda sensor. Most of these inputs are used to control ignition
timing as wall as fuel injection.

The outputs are also the same: pressure actuator (calied a
differential-pressure regulator by VW/Audi) current, and idle-
speed stabilizer control. In addition, the control unit manages
the vapor-canister frequency valve and the canister on-off
valve; parts of the evaporative emission control system.

Actuator Current

soth systems have a different range of control-unit current
far the pressure actuator. For Kiz3~Jetronic, a typicat rich limit is
+10 mA, with a lean imit of — 10 mA. The nominal adjustment
point is 0 mA, to provide for the widest range of adaptation.

For KE-Motronic, a typical rich limit is +23 mA, with a lean
-iimit of — 16 mA, This provides for the operation of the adaptive
circuitry. The system can compensate for broader changes
beyond just lambda control, including all engine operating
conditions, altitude, intake leais and other variations. A typical
actuator current for a new engine running open-loop {lambda
sensor disconnected) might be 2 mA. As the engine ages,
perhaps with minor intake air leaks, typical open-loep actuator
current might be 7 mA. See Fig. 7-3.

mA -
actuator
current
+30 == B207TCIS.BCH
30 KE-Molronic
rich limit
+201
Older engine
New (minor air leaks)
engine Y
+10 = l . —
papii® Co.(l‘l? -
— . o
Closed(™ " - Closed-loop
-loop
HE o —
=10
Lean limit
0 Milsage driven 100,000

Fig. 7-3. KE-Motronic adaptive control can adjust actuator
current 1o match changing conditions. Older engine
may need greater actuator current for enrichment
to counter mincr air leaks.

KE-Motronic Adaptive Control

Adaptive control means that the control unit “learns” to
make autornatic mixture adjustment. The control-unit circuitry
senses nominal warm-engine cruise valtues. It stores those
values as the normal open-lcop operation, and then uses those
vaiues as a basis for both closed-loop and open-loop actuator
current. The control unit continually “'relearns” the compensa-
tions necessary for changes in engine condition, or even intake
air leaks.

The air-fuel ratio values are stored in the control unit's
volatile memory, so they are fost any time the battery is discon-
nected. If the engine runs differently after service, even if that
service was as seemingly unreiated as the installation of a radio
or theft alarm, be ready to drive the car normally for about 10
minutes to re-store the nominal air-fuel mixture vaiues in the
volatile memory of the KE-Motronic control unit.

Fault Memory
(Diagnostic Codes)

Diagnostic codes (fault memories) are stored in the control

unit. The contral unit continually checks all systems for incor-

rect signals. If cne is found, the fault is stored in the control-unit
fault memory as a series of electrical pulses. On KE3-Jetronic
systems you can read these fault-memory pulses at the indi-
cator light on the dash panel as shown in Fig. 7-4. On KE-
Motronic systems, you connect a test light betwaen the battery
and the test lead next to the fuel distributor on the engine. See
Fig. 7-5. The fault codes are read out by inserting a spare fuse
into the top of the fuel-pump relay.

indicator light
|
'd N ANT! oy : ™
LOCK - .
N -~ U OFF " — J-:
=  PARK ‘
BRAKE

Fig. 7-4. OnKE3-Jetronic, diagnostic codes irom the control
unit fault memory are read out at the dashboard.

KE3-Jetronic and KE-Motronic
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Test lead
next o
fuel
distributor &

Fig. 7-5. On KE-Motronic, diagnostic read-out of fault men-
ory is by voltage pulses at test lead near mixture-
control unit.

KE3-Jetronic codes in all cars except California are erased
when the ignition is turned off. Fault codes are restored by
driving for 5 minutes (at at least 3,000 rem, and once at
full-throttie) or by cranking the engine for 6 seconds. If the fault
is emission related, the indicator light on California cars re-
f mains on as long as the fault is present; in all other cars the
} code is stored, but will not come on until the fuse is inserted.
When you activate the fault memory, injection faults read out
first, and then ignition faults.

In KE-Motronic, if the fault is emission related, all cars except
California will store the fault in memory until it is erased. Cali-
fornia cars flash the fautt light as fong as a fault is present. This
helps in finding intermittent faults. For non-emission related
faults, all cars store the fault uniil the engine Is restarted.
Troubleshooting can be done before engine is shut off, or with
fgnition OFF. Fault codes can be restored by driving for 5
minutes (at at least 3,000 rpm, and at least once at full throttie),
or by cranking for 6 seconds. For more information on the fault
memory and reading trouble codes, see chapter 8.

KE3-Jetronic and KE-Motronic
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Continuous Injection—
Troubleshooting & Service
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1. INTRODUCTION

in this section, you'll see the troubleshgating and general
service procedures that apply to Bosch Continuous Injection
Systens (CIS), These inciude:

¢ original K-Jetronic (I'll call it K-hasic)
¢ K-Jetronic with lambda control {1l calf it K-lambda)

o Kiz-Jetronic and KE-Motronic ('l call them KE systems)

For more information on how these systems work, see
chapter 5, as well as the general discussion of fuel injection in
chapters 1 and 2, Uniess otherwise noted, all procedures in this
r-~pter apply o all the systerns.

Fig. 1-1. A service technician may use specialized equip-
menl, bul with ordinary shop tools and your car
shop manual, you can check and adjust many
parts of your CIS system.

K-Jetronic systems are basically mechanical, using the hy-
draulics of fuel pressure to control the air-fuel mixture. From
1974 to about 1980, there are no electronics. Beginning about
1980, to meet the tighter emission limits, the lambda control
system was added to K-Jetronic for a limited mixture-controt
function, but stili most compensations are mechanical. Begin-
ning about 1984 in KE systems, for improved driveability and
fesponse, all mixture compensations are made electronically
using sensors inputting to an electronic contral unit similar to
that of pulsed systems. Since 1988, KE-Motronic combines the
control of ignition-timing with fuel injection in the same control
urit,

All K systems are driveable in limp-home mode, even when
their mixture compensation functions are inoperative. The en-
gine may be difficult to start— or may not start at all—but if the
engine is running and warm, it will get you home, even though
KE may run with a bit of lean stumble,

1.1 General Procedures and Precautions

Many of the procedures and precautions for troubleshoot-
ing and service of continuous systems are the same as those
for pulsed systems, so it's worthwhile to read the introductory
information in chapter 4. Continuous systems are even more
sensitive to the infiltration of dirt—due to the extremely fine
orifices in the fuel distributor —so pay special attention to the
section on cleanliness. Other specific procedures from chapter
4 may also apply, and will be referenced when necessary.

For many of the procedures in this chapter, I'lf use typical
fue! pressures, temperatures and efectrical values to give you
some basis for comparison and understanding. Don't try to
service your car with these numbers; specifications vary con-
siderably from one maker to the next—even within a model
year —so use only the specifications from your car shop man-
ual.

You'll also see that in a typicat specification, two vaiues are
given, a checking value and a sefting value, with the checking
value usually having a broader tolerance. The idea of this is the
systern will operate within the broader tolerances, so if you just
want to be sure of system operation, the checking value is fine.
But if you are sefting it, you might as well get as close as
possibie to the middle of the range.

Operating Fue! Pump For Tests

For many of the tests, you'll need fuel pressure in the
system, just as you do for pulsed-injection testing. To run the
fuel pump without running the engine, remove the fuel-purmp
relay at the fuse panel. Connect a bridging adaptor —a pair of
long leads with a switch and a 16-amp fuse —~between the
sockets for the fuel pump and the power supply. With the
momentary switch, you can turn on the fuel pump by pushing
the button when you need pressure to test the system. Let go
of the button to stop the pump. Uniess your workplace is noisy,
you should te abie to hear the pump when it runs.

Relieving Fuel Pressure

If you have to open the fuel lines — for testing or to replace
components —you should relieve as much of the fuel system
pressure as possible beferehand to prevent fuel from spraying
all over, especially if the engine is hot. Because the fuel injec-
tors close when system pressure falls to a certain point, itis not
possible —as in L-Jetronic—to relieve pressure in the lines by
remaoving the fuel-pump fuse and then running the engine until
it stalls. The best way to relieve fuel pressure is to wrap the
fuel-line fitting with a shop rag and then slowly open the line. Be
prepared to catch as much of the fuel in a container as possi-
ble, and quickly wipe up any spilled fuel.

1.2 Tools

Along with your vehicle shop manual, you' needlordinary
shop tools, as well as a digital voltiohm meter, a test light, and

Introduction
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a fuel-pressure gauge. Be aware that the gauge is slightly
different from the one used for testing pulsed systems. The
gauge for continuous systerns has two inlet hoses to a valve so
that the fiow through the hose can be stopped for different
tests. For more information see 5.1 Fuel Pressure Tests,

Other speciat tocls you may need when working on all
systems include a special wrench (shown later in Fig. 7-1) used
to adjust the mixture screw and an injector tester (shown later
In Fig. 4-5} used to test the fuel injectars. Additional tooks for KE
systems include only a special engine temperature resistor,
shown in Fig. 1-2, and a special wiring adapter, shown in Fig.
1-3.

13K

Flg. 1-2. Special resistor used to simuiate cold-engine con-
ditions for many tests.

Speciat adapter

\ g
ﬂ\wmng connector to controb unig

Fig. 1-3. Special wiring test adapter used to test KE
pressure-actuator current with engine running.

2. TROUBLESHOOTING

This section covers the troubleshooting of continuous fuel
injection systems, based on problem symptoms which may be
caused by a fault with fuel injection. The main part of this
section is a troubleshooting table that will help you to narrow
down your tests to specific components or areas of the system.

There are also some general troubleshooting procedures
which are easy to perform, and which may save you any further
testing of the system. These involve making sure that the
engine is in good working order, checking for air leaks in the
intake system, and making tests of the electrical systemn, and

Troubleshooting

the wiring hetween compcnents and (where applicable) the
control unit. These checks are described in detail in chapter 4,
and generally apply to continucus systems,

NOTE m———

The air-flow senscr plate will not hold encugh
pressiure in the air intake fo check for leaks
using a soap solution. Either block off the air
intake or use the drawn-in-sclvent method
when testing for intake leaks.

On electronic systems, it is not possible to directly test the
control unit without highly specialized equipment. if you trou-
bleshcot all other areas of the system and they check out OK,
only then should you suspect that there may be a fault in the
control unit.

Fuel Condition

Many of the problems you're fikely to encountar with the fuel
injection system may originally be caused by poor quality fuel.
Even small amounts of water can quickly corrode the metal
parts, causing restrictions in small passages that reduce fuel
flow, or causing the control plunger ta stick. Likewise, any dirt
that gets into the system through an open fuel line —when
changing the fuel fiter, for example —can quickly clog the
passages and orifices in the fuel distributor. If the fuel system
is contarninated, the problem may soon recur. Although many
manufacturers now instalf "lifetime” fuel filters, it's wise to follow
a regular schedule of filtter changes, especially if you suspect
moisture contamination. -

2.1 Troubleshooting Basics

The fuel-injection system supplies and meters the correct
amount of fuel to the engine in proportion to the amount of air
being drawn in to achieve the optimum air-fuel mixture. Any
problems with air intake sensing or fuel supply will cause poor
running. Any troubleshooting shouid begin with simple and
easy checks of the tightness of the system wiring and the
integrity of the air intake system. Proceed from there to more
involved troubleshooting.

Generally, fuel injection probfems fall into one of four symp-
tom categories: cold start, cold running, warm running, and hot
start. Warm running is the most basic condition. Before trou-
bleshooting a condition in any other category, be sure that the i
system is working well and adjusted property for warm running. #

To simplify troubleshooting, concentrate on those compo-
nents or sensors that adapt fuel metering foga particutar o™
dition. For example, if the engine will not 3331 when cold, thé
components responsible for cold-start enrichment should 2€
tested first,

Tabte a lists symptoms of Bosch continuous fuel iﬂjed’_on
problems, their probable causes, and suggested correctivé
actions. The boldface numbers in the corrective action com™”! Ny
indicate headings in this chapter of the book where the test o
repair procedures can be found.
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Table a. Troubleshooting Bosch Continuous Fuel Injection

rSmptom

Probable cause

Corrective action

1. Cold start—Engine
starts hard or fails to
start when cofd

a. Cold-start valve or thermo-time switch
fauity
b. Fuel pump not running

c. Air-flow sensor plate rest position
incorrect

d. Fuel pressure incorrect

e. Coolant temperature sensor or wiring
fauty (KE only}

a. Test cold-start vaive and thermo-time switch. Replace faulty parts.
8.

b. Check fuel purnp fuse and fuel pump relay. as well as fiel pump
voltage supply. 4.1

¢. Inspect air-flow sensor plate rest position and adjust if necessary,
3.2

d. Test fue! pressure. 5.1, 6.1

e. Check controf system. 6.2

2. Hot start—Engine
starts hard or fails to
‘art when warm

a. Cold start valve leaking or operating
continuousty

b, Fuel pressure incorrect

c. Air-flow sensor plate rest position
incorrect

d. insufficient residual fuel pressure

. Fuel leak(s)
. Lambda contro! faulty

a. Test cold-start valve and thermo-time switch. 8.

b. Test fuel pressure. 5.1, 6.1
¢. Inspect air-flow sensor plate rest position and adjust if necessary.
3.2 .
d. Test residual fuel pressure. Replace fuel pump check vaive or fuet
accumutator as necessary. 5.1, 8,1
. Inspect fuel lines and connections. Correct leaks as required
. Check lambda control, 5.2, 6.2

3. Engine misses and
hesitates under load

e
f
g. Fuel injectors faulty or clogged
a

. Fuef injector clogged

e
f
g. Check injectors. 4.3
a

. Test fuel injectors. Check for clogged injector lines, Replace faulty
injecters. 4.3

stabitizer faulty
d. Vacuum (intake air} leak

e. Fuel injectors faulty or clogged

t. Coolant temperature sensor or wiring
faulty (KE cnty)

g. Control plunger binding or fuel
distributor faulty

b. Fuel pressure incarrect b. Test fuel pressures. 5.1, 6.1
¢. Fuei leak{s) ¢. Inspect fuel lines and connections. Correct feaks as required
d, Lambda control fauity d. Check lambda control. 5.2, 6.2
e. Coolant temperature sensor or wiring e. Check control system. 6.2
faulty (KE anly)
4. Engine starts but a. Incorrect fuel pressure a. Test fuel pressures, 5.1, 6.1
stalls at iclle b. Cold-start valve leaking b. Test and, if necessary, replace cold-start valve. :bd8.
¢, Auxiliary-air regulator/idle-speed ¢. Test and, if necessary, replace. 8.

d. Inspect intake air components for leaking hoses, hose
connections, and cracks or cther leaks, Repair as required

e. Check injeciors. 4.3

t. Check controf system. 6.2

9. Check air-flow sensor plate movement, 3.2

5. Engine igles too fast

a. Accelerator pedal, cable, or throttie
valve binding

b. Auxiliary-air regulator faulty

¢. Air leaking past throttle vaive

&. Inspect for worn or broken parts, kinked cable, ¢r other damage.
Replace faulty parts.

b. Test and, if necessary, replace. 8.

¢. Inspect throttle valve and adjust or replace as reguired. 3.1

M
8. Hesitation on a. Vacuum (intake air} leak a. Inspect intake air components for leaking hoses, hose
acceleration connections, and cracks or other leaks. Repair as required
b. Fuel injectors clogged b. Test injecior spray patterm and quartity. Replace faulty injectors.
4.3
¢. Cold-start vaive ieaking ¢. Test and, if necessary, replace cold-start valve. 8.
d. Control plunger in fuel distributor d. Check air-flow sensor plate movement and, if necessary, replace
binding or fuei distributor faulty fuel distributor, 3.2
&. Air-flow sensor plate out of adjustment | e. Inspect air-flow sensor plate position and adjust if necessary. 3.2
f. Fuel pressure incorrect t. Test fuel pressures, 5.1, 6.1
g. tdle mixture (%C0) incorectly g. Check and adjust CO. 7.
adjusted ’ -
h. Potentiometer faulty or misadjusted . h. Test and adjust or replace as necessary. 6.2
(KE enty) L
-\'_-———_,;

continued on next page

Troubleshooting
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Table a. Troubleshooting Bosch Continuous Fuel Injection (cont'd)

Symptom Probable cause

Corrective action

7. Poor fuel mileage a. ldie speed, ignition timing, and idle
mixture (%CO) out of adjustment
b. Cold-start valve leaking

¢, Fuel pressure incorrect

a. Check and adjust. 7.

b. Test and, if necessary, replace cold-start vaive. 8.
¢. Test fuel pressures. 5.1, 6.1

8. Engine continues to a. incorrect ignition timing or faulty
run {diesels} after ignition system
ignition is turned off b, Engine overheated

a. Check ignition system

b. Check cooling system

9. Low power a. Cootant ternperature sensor faulty or
wire 10 sensor broken (KE only)

b. Fuel pressure incorrect

c. Throttie plate ot opening fully

d. Full throttie switch faulty or incorrectly
adjusted {KE oniy)

€. Control-pressure regulator faulty
{control-pressure regulators with
full-load compensation only)

a. Check control system, 6,2

b. Test fuel pressures. 5.1, 6.1

¢. Check thretile cable adjustment to make sure throtile is cpening
fully. Adjust cable if necessary.

d. Check throttle switch and adjust if necessary. Replace a faulty
switch. 6.2

e. Check control-pressure reguiator full-load function. 5.1

3. AIR-FLOW MEASUREMENT

As discussed in chapter 5, the throttle valve regulates the
amount of air drawn into the engine; the air-flow sensor mea-
sures the air intake and moves the control plunger to meter the
fuel. Incorrect adjustment of the throttle valve or air-flow sensor
plate, or binding of the control plunger, can cause many prob-
lerns including rough idle, stalling and hard starting.

Whenever any changes are made to the throttle vaive or
air-flow sensor, idle speed and mixture {CO) will need to be
adijusted also.

3.1 Throttle Valve Basic Adjustment

The throttle valve is adjusted at the factory and does not
nrormally require adjustment. The stop screw should not be
used to adjust the idle; its purpose is to prevent the valve from
closing too far and damaging the inside of the throttie body.
The throttle-valve adjustment procedure is given in case the
factory adjustment has been changed.

To correct a faulty throttle valve adjustment, use a screw-
driver to back off the throttle-vaive adjusting screw untit there is
clearance between its tip and the throttle valve lever. The screw
is shown in Fig. 3-1. it may be necessary to first lcosen a
locknut. Place a thin piece of paper between the adjusting
screw and the throttle vaive lever. With the throttle valve closed,
turn the screw in until it lightly contacts the paper, From this
position, remove the paper and turn the screw in an additional
Ve turn.

Air-Flow Mea'suremenr

*

LA

vor A
PRI S g S - g
A

Fig. 3-1. Typical location {arrow) of throttle-vaive adjusling
SCrew.

3.2 Air-Flow Sensor and Fuel Distributor

For some of the tests of the air-flow sensor in this section,
you will need fuel pressure on the plunger. You can do this by
starting the engine for a minute, then shutting it off.

if you run the pump without running the engine, don't move
the sensor plate in the air-funnel. Remember, the pump deliv-
ers system pressure, usually about 5 bar (75 psi), and that is
high enough to cause continuous injection of raw fuel into the
cylinders. After the pump stops, the accumuiator provides
residual fuel-pressure, about 2 bar (30 psi) for these tests, but
that’s lower than injector-opening pressure, about 3 bar {45
psi}, so the injectors will not deliver fuel when you lift the sensor
plate.
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The fuel distributor is precisely calibrated when it is manu-
factured. There are no replacement parts and it cannct be
adjusted. if it is faulty in any way, it must be replaced.

Checking Sensor Plate Movement

Using the updraft air-flow sensor as our example, lft the
plate slowly to check for smooth movement as shown in Fig.
3-2. There should be even resistance all the way. You can use
a magnet on the center steel stud to get the plate started, but
the plate itself is alurninum and non-magnetic. When you lift the
sensor plate, you are also lifting the control plunger. If the plate
lifts freely, then both the sensor plate and plunger are OK, For
a downdraft sensor, reverse the step: press down slowly to
check movement of the air-flow sensor plate and plunger.

- s e
.\ s

o -

A

Fig. 3-2. Checking sensor plate movernent.

‘here is resistance while lifting the plate, either the plate or
plunger are sticking. To determine which it is, lift the plate and
then let it go. It should fall with a bounce ar two. If the plate
sticks in faliing, it is because there is a problem with the senser
plate or its lever. Check them as described below. If your plate
falls freety but feels sticky when lifted, the problem is with the
plunger. Clean it as described below and retest it.

Centering Sensor Plate and Lever

If the plate sticks white moving in both directions, it could be
off center, touching one side of the cone as shown in Fig. 3-3.
To adjust the plate, be sure it is at normal rest position. You can
use a special guide ring to center the plate, or you can simply
use a 0.1 millimeter feeler gauge: if the gauge slides around the
circumference of the plate, then the plate is centered. If you find
unequal clearance around the plate, loosen the center screw
So the plate can move a little on the arm and recheck for equal
Clearance all around. When you tighten the screw, be sure the
plate is still centered. And be careful not to overtighten,

Plate

Right Wrong

Fig. 3-3. Centering ar-fow sensor plate

Sticking can also be caused by warpage of the airfiow
sensor housing which causes the plate lever to bind. You can
free a tight sensor-plate lever by loosening the mounting bolts
around the housing as shown in Fig. 3-4, and then uniformly
retightening themn. i that does not sclve the sticking, remove
the mixture-controi unit and check the pivot. If it is dirty, clean
it with a soivent and lightly lubricate it. Check for equal clear-
ance on either side of the lever as shown in Fig. 3-5. To adjust
the lever, loosen the bolt.

Fig, 3-4. A warped ar-flow sensor housing may cause the
sensor-plate lever to bind.

Lever

Fig. 3-5. Sensor-piate laver adjustment.

Air-Flow Measurement
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Cleaning Control Plunger

Plungers can stick from fue! gusmn, or from rust caused by
water in the fuel. To free a sticking plunger, relieve the fuel
pressure as described in 1.1 General Procedures and Pre-
cautions, then remove the fuef connections, the fuel-distributor
boits, and the fuel distributor,

L i the plunger is free, it may fall out, so when you lift the
distributor get your finger in there to hold it. If it is sticking, you
can blow it out with compressed air as shown in Fig. 3-8, but
don'tdrop it. if the plunger is damaged you have to replace the
entire distributor. Also, on 1983 and later systems, don't lose
the spring on top of the plunger. With the plunger safely in
hand, clean it in solvent, Clean the funnel and sensor plate, too.
They can get grimy from crankcase ventilation.

Fig. 3-6. Removing conirol plinger rom fust distributor,
Don't drop #!

Note that on KE systems, a stop screw has to be removed
before the plunger can be removed. Measure the recess from
the stop screw to the top edge of the gland nut as indicated in
Fig. 3-7 s0 you can reset it, then remove the stop screw and
then the control plunger. When you reinstall the plunger, the
small shoulder goes in first. Turn in the stop screw untit the
recess matches your noted measurement.

On all systems, if the plunger still sticks after cleaning, then
replace the fuel distributor. Always use a new gasket between
the fuel distributor and the air-flow sensor body, and use new
gaskets on the fuel lines.

Air-Flow Measurement

Stop screw i

BOBIGHY

Fig. 3-7. Stop screw and recess on KE fuel distributors.

Sensor Plate Zero (Rest) Position
{K-Basic and K-Lambda only)

With fuel pressure on the control plunger, the sensor plate
zero position on updraft sensors should be even with the
narrowest part of the air funnel, nearest the fuel-distributor as
shown in Fig. 3-8. If the zero-position is wrong, bend the wire
clip to adjust, not the arm supporting the clip. You can unboit
the mixture controt unit to do this, or reach in past the plate, if
you reach in from above the plate with thin-nose pliers, don't
nick the plate, or scratch the air-flow sensor.

Sensor plale even with
narrowest part of air funnef

Fig. 3-8. Sensor piate rest position for K-Basic and K-
Lambda.

It's OK for the plate to rest as much as 0.5mm (0.02 in))
below the narrowest point, but it shouid never be above be-
cause that would cause hard starting. Air could be pulled into
the engine withaut lifting the plate and the control plunger,

For downdraft sensors, the reverse applies: check zero
posttion at the point farthest away from the fuel distributor.
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Sensor Plate Zero (Rest) and Basic Position
(KE Systemns)

In KE systems you check two important sensor-plate posi-
tions, the zero position and basic position. For more information
on these, see chapter 5. There should be fuel pressure on the
control plunger for these tests. First, Fil show you how to check
updraft airflow sensors, then downdraft sensors.

In the zero posttion, the updraft plate must rest below the
edge of the funnel so you can see most of the vertical face, as
shown in Fig. 3-9. The plate must not rest part way up the
vertical face. If you have any doubt, check the specifications in
your shop manual and, using a depth gauge, measure the zero
r ‘ion of the updraft plate with your gauge closest to the fuel
disuibutor. A typical depth measurement is 1.9/mm {0.075 in.).
if zere position is not in specification, bend the wire clip as
described previously.

7

Vertical
face

N
r
D)

e
A

Fig. 3-9. KE senscr plate and vertical face of funnel.

“heck the basic position of updraft sensors by [ifting the
£ .« slowly until you feel the sensor-plate lever contact the
control plunger. This checks the gap necessary to ensure that
the plunger sits on its seal. There should be a small amount of
freeplay, but no more than 2 mm {0.08 in.) at the edge of the
plate. In other words, the freeplay should be enough for the
plate to rise and be at the top of the verticat face of the funnel
when plunger contact is made. See Fig. 3-10.

i basic position is incorrect, remove the fuel distributor and
use a gauge to check the distance between the seating surface
and the roiler on the sensor-plate arm that lifts the plunger. See
Fig, 3-11. Typical distance is 21,2 = 0.Imm {0.833 £ 0.004 in.}.
this is wrong, you may be able to correct the basic position by
adjusting the mixture screw on the arm. Check and adjust the
mixture (CO) after you have turned this screw. if CO cannot be
brought into specification, or if you have problems with starting
or driveability, you wili have to adjust the plunger seal clearance
as described below,

Fig. 3-10. At KE zero postion, you should ba able to see
most of the verticat face of the funngt idouble white
ines YWhan you lift sensor plaie to basic position,
the olate should Be at the top of the verlcal face

{singie whiie ing Note the Iines are for example

rury

Fig. 3-11, Checking basic posihon of updral ar-fiow sensor.

For downdraft sensors, the zero position is the same in
principle. But, with fuel pressure on the piunger, zero position
of the plate should be even with the top of the vertical face —or
cylinder — of the air-fiow sensor that is furthest away from the
fuel distributor. See Fig. 3-12. The bolt does not touch the
rubber bumper; its upward movement is limited by a spring-
stop in the air-flow sensor.

If the zero position is wrong, adjust the guide-pin for the
spring-stop. The zero position will usually be tod high, so drive
the pin down into the air-flow sensor as shown in Fig, 3-13 to
tower the zero position, Be careful, since this pin is press-it. i
you drive it too far, or if it becomes loose in the housing, it could
fall down the intake manifold and into the engine, causing
expensive damage.

Air-Flow Measurement
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Fig. 3-12. Check zero postion of downdrafl KE sensor al

point furthest fraom fugl distributor.

Fig. 3-13. Adjusting zero position of downcirall air-flow sen-
sor,

Jo check downdraft basic position, press down from zero
position until you feel the extra resistance that teils you you
have touched the plunger. You will not feel it unless you have
fuel pressure on the plunger. When you touch basic position,
the plate should be at the bottom of the vertical face of the
funnel so you can see all of the cylinder, but none of the funnel
below. Free travel from zere down to basic must be 1-2 mm
{(0.04-0.08 in.).

Basic position seems to be more important with the down-
draft air-flow sensors, so if in doubt, use a depth gauge to
measure from the top edge of the furnel to the center bolt of the
sensor plate as shown in Fig. 3-15. Check your manusal for the
correct specifications. If you can push the plate below the edge
of the vertical face before you touch the plunger, ciearance is
too large and the engine will be hard to start.

Air-Flow Measurement

Fig. 3-15. Use depth gauge to check downdrafl basic posi-
tion.

¥ basic position is incorrect, try adjusting it by turning the
mixture screw on the sensorplate lever. Check and adjust
mixture {CO) after this. If CO cannot be brought into specifica-
tion after this, check the control-plunger seal clearance as
described below.

Control Plunger Seai Clearance
(KE systems only}

Whether the air-flow sensor is updraft or downdratt, if zero
position is right and basic position is wrong, er you can't adjust
CO correctly, the probiem is probably the adiustment of the
plunger O-ring seal. The plunger may seat too high or low —or
not at all. Rernove the fuel distributor to check that. Your shop
manual should have the specifications for the screw recess.
Turn the slotted screw as necessary, as shown in Fig. 3-16.
One-quarter turn of the nut changes clearance hetween the
plunger and the sensor-plate lever by 1.3mm. You should not
have to do this often, but when you do, it's one of the mast
important adjustments of the KE-Jetronic system. Of course,
you wilt need to recheck CO s0 you know the mixture is correct.

e
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Fig. 3-16. Adjusting KE fuel-distributor seal clearance al
plunger slotted screw.

4. FUEL SuppLY

Poor fuel delivery can cause starting probiems, het or cold,
as weidl as rough idle, poor mileage, and limited maximum rpm.
You can check fuel systems to answer such questions as: Is the
fuel pump delivering what the engine needs? If not, why not? Is
the fuel flow in the fuel distributor correct? i not, why not? Are
the fuel injectors operating correctly?

The procedures for testing these things depend on whether
the system has;

1 system-pressure regulator without a push-valve (K-
basic, 1974 to 1977);

® 2 system-pressure regulator with a push-vaive (K-basic,
1978 & later; all K-JJambda),

® a separate system-pressure regulator (KE systems).

& if you're in doubt about your system, see chapter 5 for
more information. ‘

4.1 Fuel Pump Delivery

First, relieve system pressure as described in section 1.1,
and also remove the fuei-tank cap. This prevents tank vacuum
fom influencing delivery readings when you run the pump; it
also relieves tank pressure. Remember, fuel tanks are normatly
Sealed and they can build up internal pressures of 1-2 psi,
enough to send fuel gushing out through an open line when
You least expect it. Catch gasoline in an unbreakable container,
Never glass!

TROUBLESHOOTING & SERVICE 11

"

Delivery Test Set-Up

For systems with a push-valve, measure fuel delivery at the
return line from the pressure regulator. On systems without a
push-valve, measure where the return fuel line comes from the
T connection. See Fig. 4-1.

With push valve

] System-
pressure
reguiator

(| i I—l"l
=
—r|
S 7 i
e (qj

== x .

Without push valve

Fuel
distributor

Control-

pressure
{ regulator

Fig. 4-1. Test point for fuel-pump delivery.

For KE systems, measure delivery at the return line from the
system-pressure regulator,

Measure where the flexible line meets the steel tubing.
Disconnect the return line and attach a test hose. You're mea-
suring pump delivery at the return line instead of the input to the

4
f‘{”x Fuel Supply
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fuel distributor because fuel delivery is specified at system
pressure, against the force of the system-pressure regulator,
and would be different if measured at an open supply line,

On K-basic and K-lambda, you'll need to disconnect the
electric plugs from the control-pressure regulator as shown in
Fig. 4-2. The control-pressure regulator should not be warmed
up during this service, so if the engine is warm, you'll have to
wait for the block to cool down before you can check fuel
delivery,

~
~

&
-
-
-
-
.

Fig. 4-2. For K-basic and K-tambda delivery test, disconnect
centrol-pressure reguialor plug.

Delivery Test

Bridge the safety circuit and have someone turn on the
ignition to run the pump while you catch the fuel delivered in a
measuring container that's at least 1000 mi (1 gt.). Don't try to
do it alone; with all that gasaline in the open on the engine, you
don’t want to be wishing you had three hands!

You can run the pump for the specified time and measure
amount of fuel, or you can run the pump until you see the
specified delivery, then check to be sure it took less than the
time specified in the shop manual. A typical fust-delivery spec-
fication might be 760cc in 30 seconds or less. If you get that
750ccin 30 seconds or less, the pumgp is doing fine. If not, what
would you check? Either the fuel filteror fuel lines are clogged,
or the fuel pump is not operating correctly. These can be
checked as described in chapter 4. Whatever you repair or
repiace, recheck fuel-pump delivery.

Fuel Supply

Fig. 4-3. Checking fuel delivery. Arrow indicates fuel retumn
fine connection.

4.2 Fuel Pressure Throughfiow

if you are having problems with mixtures that are generally
too rich or too lean, make a different delivery check before you
begin measuring system pressures and controf pressures. You
want to measure the fuel quantity that passes through the
restrictors in the fuel distributor,

fn K-basic and K-lambda, if the restrictor has eroded to allow
too much fuel into the control-pressure cirguit, that extra fuel wil
increase control pressure and lean the mixture. It is less likely,
but possible that the restrictor is clogged; that will decrease
control pressure and enrich the mixture.

in KE systems, an eroded or clogged restrictor can affect
lower-chamber pressure and the pressure differential. For KE
systerns, lower-chamber fuel throughflow is tested as part of
fuel pressure testing in 6.1 Fuel Pressure Tests.

Testing Control-Pressure Throughflow
{K-Basic, K-Lambda oniy)

To measure throughflow passing the control-pressure re-
strictor, connect a line to the control-pressure fitting on top of
the fuel distributor to deliver fuel into a plastic container. See
Fig. 4-4. If the control-pressure quantity through this restrictor
does not meet defivery specifications (typically 160 to 240cc in
60 secends), replace the fuel distributor. Too much fiow is just
as wrong as too little. If you don't check this, you may unnec-
essarily replace a good control-pressure regulator without even
solving your probtem.

i tm
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distributor é

Fig. 4-4. Controi-pressure throughflow being checked.

4,3 Fuel Injector Testing

The most commaon fuel injector problems are low fuel flow or
uneven spray pattern, both caused by contaminated fuel or by
carbon deposits. Excessive heat at the tip of the injector causes
the carbon deposits to form on the atomizing needle. Some
signs of faulty injectors are rough idle, hesitation, and knocking
at fuli-throttie. Continuous fuel injectars can be cleaned while
installed, as pulsed injectors are, using special additives or
cleaners; for more information on fuel additives see chapter 3.

Continucus injectors can be quick-tested for clogging while
attached to their fuet lines. But to fully test and clean continuous
injectors, they must be removed and installed on a special
injer” - tester, shown befow in Fig. 4-5. if you can borrow one,
you .un learn a good deal about your injectors. You cannot
disconnect one injector at a time, looking for rpm drop as an
indication of a bad injector, as you can with pulsed injection
systems. However, you can short out the spark plugs, one ata
lime, looking for rpm drop at idle: if the rpm does net drop, the
injector may be clogged. Remember, if the car has an idie-
speed stabilizer, disconnect it so it does not correct rpm.

When removing the injectors from the car to run these tests
onthe injector tester, first relieve the fuel pressure. Hold the hex
on the injector while lposening the lines, and be careful not to
kink the steet lines. Begin the contamination test after filling the
injector and injector tester with test-fluid. Use only clean test-
fluidt in the tester, never gasoline. Use Bosch test fluid VS 14
842-CH (5 973 340 650), or Shell Mineral spirits, or equivalent.

i any injectors are replaced or cleaned of contamination,
idle speed and mixture should be checked and adjustéd as
necessary. Use new O-rings when you instali the injectors in
the engine, and moisten the O-rings with fuel. You can feel
them snap into place. Make sure they're all the way in. If an
injector is not seated, the engine will intake false air.

NOTE =——

The injector pressuras listed in this section are
for most K-basic and K-lambda cars. Most KE-
Jetronic and KE-Motronic injectors operate at
higher pressures, typically, 3.3 bar (48 psi), so
check your manual.

Contamination Test

Attach the injector locsely to the tester, as shown in Fig. 4-5.
With the vaive closed to protect the gauge, pumg several times
to purge air-bubbles from the ling; then tighten the injector test
line and open the valve.

Fig. 4-5. Use continuous fuel-injector pressure tester to test
and clean fue!l injectors. Position injector 1o spray
Mo container. Arrow indicates vaive.

Slowly buitd up pressure to 1.5 bar (22 psi). if the injector
leaks at this pressure, it could be a sign of contamination. To
clean the injector, close the valve and make several sharp
pumps of the tester, then open the valve and repeat the
contamiration test. If the injector does not leak, go on to the
next test, H it stifl leaks, replace the injector.

Fuel Supply
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Fig. 4-6. Injector-tester valve. Close valve to protect tester
gauge from high pressures.

Opening Pressure Test

Close the tester valve and bieed the injector by pumping the
handle rapidly. The injector will squeak at higher and higher
frequencies. When you hear the frequency become steady,
that's the sound that tells you alf the air is out of the system.

Open the valve, and with a firm, slow stroke (about two
seconds each stroke), check the injector opening pressure.
When it opens, you’ll hear it, and you'll see the gauge needle
drop, leaving the highest pressure on the resettable needle. A
typical opening pressure might be 3—4 bar (44-58 psi); this is
an important specification, tied in with the system accumulator
and control-pressure regulator, so den't guess: see your shop
manual. Write down the actual opening pressure of each in-
jector; you'll need it for the leak test, next.

Leakage Test

Each injector should remain closed without leaking at a
pressure 0.5 bar {7 psi) below its measured opening pressure
from the preceding test; not from what is specified in the
manual, but from each actual injector-opening pressure. Wipe
the injector tip dry, and then build up pressure for each injector
as you have figured it from your previous test, As you hold that
pressure for 15 seconds, watch the injector tip; if you see any
drip, replace the injector.

Spray Pattern Test

For your spray pattern test, close the tester valve and stroke
about once per second. You should hear a steady chatter
sound as the injector sprays. And you should see a well-
atomized spray as shown in Fig. 4-7. A one-sided spray pattern
is acceptable i within a total spray angle of about 35 degrees,
and is well atomized.

Fuel Supply

Fig. 4-7. Acceptable injector spray patterns. Top pattern is
ideal. Bottom pattern is OK if fuet is well atomized.

Fig. 4-8 shows unacceptable spray patterns. If the spray is
straggly or thin, if it forms drops at the tip, or i it does not
atomize, replace the injector.
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4-8, Unacceptabie o

5. CONTROL SYSTEMS (K-Basic, K-LAMBDA)

This section covers the testing of the K-basic and K-lambda
control systems that compensate the air-fuel mixture for all
operating conditions.

5.1 Fuel Pressure Tests

Fuel pressure influences all engine operating characteris-
tics, such as idle, acceleration response, starting and warm-up,
engine power, and emissions.

You will measure three significant K-basic and K-lambda
fuel-pressure values: 1) System pressure —the basic fuel pres-
sure created by the fuel pump and regulated by the pressure
regulator in the fuei distributor, 2) Control pressure —deter-
mined by the control-pressure regulator, and 3) Residual pres-
sure—the amount of pressure the fuel accumulator and fuel
pump check valve maintain in the system after the engine (and
fuel pump) is shut off. The tests should be done in sequence,
after the pressure gauge has been instalied.

Control-Pressure Regulators

Your pressure tests will be affected by the type of control-
pressure regulator fitted to your car, Some have a vacuum
connection to the intake manifold for full-load enrichment. For
mare information see chapter

" 5. Testing the full-load enrichment function is part of the
test. See Fig. 5-1 through Fig. 5-5 and compare them
with your control-pressure regulator to see if the full-load
test applies.

Electnical connecior

Fuel fittings

Fig. 5-1. Toidentfy basic control-pressure regulator, look for
two fithngs for fuel — inlet and return — and electrical
connector for heating coil of bimetal stiip.

Conitrol Systemns (K-Basic, K-Lambda)




Fig. 5-2. Conlrcl-pressure regulator with vacuum-controlled
fui-load enrichment. On this type, vacuum connee-
tion to intake manifold is on top {arrow).

Fig. 5-4. Controk-pressure regulalor with full-load enrichment
and altitude compensalion. Vacuum connection is
on top (arrow). Also nate housing difference (N

Fig. 53, A second type of control-pressure regulatar with
vacuum-controlled full-load ervichment. Vacuum
conngction (o intake manifold is at bottorm (arrow}.

Fig. 5-5. Szcond type of control-pressure regulator with full-
foad enrichment and altitude compensation. Vac-
uum cormnechon to inlake manifold is at botlom

(arrow).

Control Systems (K-Basic, K-Lambda)
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Installing Pressure Gauge

Install the pressure gauge between the control-pressure
line of the fuel distributor and the control-pressure regufator.
See Fig. 5-6. The gauge should read to at least 6 bar (90 pst).
tf you can't rent the special gauge, you can make one with
fuekline end fittings with M12/1.5 threads. The gauge valve
should be on the control-pressure side.

Control-
pressure
reguiator

Mixtureg-control
uni

Fig. 5-6. Fuel pressure gauge nslalled for K-basic and K-
lamtxda fuel pressure tests. Two different types of
control valves and their connections are shown.

Even though the gauge is hooked to the control-pressure
circuit, the gauge reads system pressure when its valve is
closed. This is because the contral-pressure regulator is closed
off from the fuel distributor; no fuel is returned to the tank. You
can measure system pressure at any temperature. When you
o the valve, the control-pressure regulator now returns fuei
' .. tank, so the gauge reads control pressure as it is being
regulated, according to temperature. See Fig. 5-7.

Clean off the top of the fuel distributor before undoing the
fuel lines and installing the gauge so you don't let any dirt into
the system. Disconnect the electrical connectors from the
control-pressure regulator and the auxiliary-air device. You
want them cold for these and other tests, With the safety-circuit
bridged, run the pump to bleed the system of air. With the
gauge below the valve as shown in Fig. 5-8, open and close the
valve severai times, about 10 seconds in each position. You
cannot get good readings with air in the lines.

Valve closed

Systemn
pressure ?
Control-pressure
? regulator
System-pressure
regulator
Valve open
-
iy |
L. R —
[V -
Controt
pressure

B204C18.BCH

Fig. 5-7. With valve closed {top), control-pressure circuit is

closed off: gauge reads system pressure. With
valve open (boliem), control-pressure circuit s
open: gauge reads control pressure,

Control Systems (K-Basic, K-Lambda)

>3
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Fig. 5-8. Air in fuel lines can affoct pressura readings, so
bieed the systern al the gauge belore mMaking pres-
sure lests.

System Pressure

Measurement, With the gauge valve closed to read system
pressure. bridge the fuel pump safety circuit and run the pump,
The gauge should read within the limits given in your shop
manual, as shown in Fig. 5-9. What if system pressure is not in
specification? if you've tested fuel-pump deiivery as shown in
4.1 Fuel Pump Delivery and it's OK, then you should adjust
system pressure as described below.

Fig. 5-8. Typical system pressure for K-base and K-lamitxda
systems is 5.2 bar (75 psi)

Controf Systems (K-Basic, K-Lambda)

Adjustment. if the pressure is not in specification, you can
adjust it by adding or subtracting shims in the system-pressure

regulator. See Fig. 5-10. Each 0.1 mm shim changes system -
pressure 0.15 bar (2.2 psi). Use new O-rings and copper

gasket when you reinstall the piston.

NOTE ==

If system pressure cannot be adjusted to spec-
itication, or if you drop the piston, you'il have to
reptace the entire fuel-distributor assembiy be-
cause these parts are mated for the necessary
fine tolerances.

Fig. 5-10. System-pressure regulator removed from fue! dis-
tributor. Location of pressure regulator is shown in
chapter 5. Add or remove shims (arrow) to change
syslem pressure by 0.15 bar (2.2 psi) increments.

i

Control Pressure

Cold. Control pressure is refated to temperature, If the
regulator is cool enough for your hand to touch, it's cool
enough to test. You can't foo! K-basic and K-lambda by discon-
necting the coclant-temperature sensor because they don't
have one,

Control pressure goes up when temperature goes up.
Higher control pressure reduces siit size and reduces enrich-
ment. If you study a typicai control-pressure specification graph
as shown in Fig, 5-11, you can see that when the control-
pressure regulator is at ambient (or surrcunding) temperature
i the shop, probably about 70°F (20°C), cold control pressure
for the car being checked should be between 1.4 and 1.8 bar
(20-26 psi).

!
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With the fuel pump running, open the pressure-gauge valve
so that fue! now flows through the control-pressure regulator.
The gauge should show a drop from system pressure o
controf pressure. Typical cold-control pressure is about 1.5 bar
(22 psi). The control-pressure regulator is reducing the pres-
st that will give the engine the richer mixture needed for cold
o . ation.

Fig. 5-12. gden pressurg-gauge valve 5 opened with fuel

Warm. For the warm control-pressure test, reconnect the
wiring connector to heat up the regulator. With the purmp
rurining, the pressure should slowly rise to a typical specifica-
tion of between 3.4 and 3.8 bar {4955 psi). Starting from
ordinary shop temperatures, it should take one to two minutes
for the pressure to rise from cold-control to warm-control, so
dor't get impatient.

Fig. 5-13. When control-pressure regulalor warms up, con-
trol pressure should rise slowly, in perhaps one or
WO minutes.

i control pressure did not rise properly, check for restriction
in the return tine. Also measure the supply voltage to the heater
of the control-pressure regutator as shown in Fig. 5-14. It
shouid be at least 11.5 voits power supply. if return line is clear
and the voltage checks out OK, replace the control-pressure
regulator. .

Full-Load/Altitude. If you have a control-pressure regulator
with a vacuum hose to the intake manifold, you alsc test control
pressure by applying vacuum to the outlet ieading to the
manifold. See Fig. 5-15. Test according to the instructions in
your shop manual, with the regulator both cold and warm.
Remember that when a vacuum specification reads 485—-600¢
mbar, that's the same as 0.485-0.6 bar (7-9 psi), or about 16
in. Hg vacuum.,

Test the regulator diaphragm teakage by pumping down to
the specified vacuum, and then checking the pressure drop; if
it leaks down more than 0.t bar (3 in. Hg) in 15 seconds, your
regulator diaphragm is leaking. Replace the regulator.

' pumgg running. system pressure should drop to
cold control pressure. approximaiely |5 bar (22
psi)

Control Systems (K-Basic, K-La'ra‘g‘?ﬁ} e



Flg. 5-14. If control pressure is incorrect, check supply volt-
age to control-pressure regulator, and check fuel-

dislributor return line for clogging.

Fig. 5-15. For control-pressure regulators with fuli-load en-
fichment or altitude compensation, test using vac-
LM pump.

Residual Pressure

The residual-pressure test measures the amount of system-
pressure leakage. When you turn off the pump after your warm
control-pressure test, system leakage should be smali enough
so that pressure stays at a specified pressure for a specified
time: usually 3 bar (43,5 psi) for 10 to 20 minutes.

}J_dhrrol Systems (K-Basic, K-Lambda)

if residual pressure falls below the minimums with the gauge
valve open, the leak is probably in the control-pressure circuit,
atthe push-valve O-rings. See Fig. 5-16. it is an older system *
without & push valve, the leak is probably at the control-
pressure regulator.

Rerun the leakage test with the valve ciosed to shut off any
possible leakage through the control-pressure regulator. If re.
sidual pressure is now OK, replace the regulator. If you stili
observe low pressure on the gauge, the regulator is OK, but
there is system-pressure leakage.

i

— ! ,LL e
51‘J Control-pressure
System-pressure regulalor
O_ring e rree

Fuet accurnulator
—

\ I
Check valve Fuet
fitting

Fig. 5-16. Fug! lzaks at many different locations can cause
drop in residual pressure. Also check alf fuel-line
unions and fittings for signs of leakage.

In the system-pressure circuit, the cold start injector or port
injectors could be leaking, or it could be the system-pressure
regulator O-ring, or it could be the fuel-pump check valve, or it
could be other components and connections. See Fig. 5-16.
Check the check valve as described befow. Run the pump to
build pressure in the system and look closely for fuel leaks at
fuel-ine unions. To quick-check the fuel accumulator, remove
the screw from the end of the accumutator. if fuel leaks out, the
accurnulator diaphragm is faulty and the accumulator should
be replaced.

Fuel-Pump Check Valve. The fuel-pump check valve is part
ofthe outlet fitting on the pump, as shown in Fig. 5-17, but early
models may vary, so check your shop manual. To check the
vaive, disconnect the fuel suppily line to the fuel distributor and
attach the pressure gauge. Make sure that the gauge vaive is
closed. Run the fue! pump until pressure reaches 5 bar (78 psi)
and shut off the pump. If residual pressure falls below specifi-
cation, replace the pump check valve. Before you remove the
fitting, remove the gas tank cap, clamp the pump inlet hose so
no fuel will escape, and clean the fittings. Install a new seal and
check valve and torgue to specification. Check alt connections
with the pump running and redo the leakage test.
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Fig. 5-17. Typical fuel pump with removable cheack valve.

Remove the gauge and reconnect the fuel lines when fin-
ished. With the gauge, you've checked K-basic and K-lambda
system pressure, and warm and cold control pressure, as well
as residual pressure.

5.2 Lambda Control (K-Lambda only)

In this section, you'll check the K-lambda control system by
measuring dwell of the fambda-control valve under varicus
conditons. You are looking to see how the computer controls
the duty cycle of the lambda-control vaive.

Thermoswitch

Most cars have a thermoswitch for open-loop operation of
the lambda system before the lambda sensor is warmed up. A
faulty thermoswitch will cause engine stumbling during warrm-
up. To test the thermoswitch, first check for the switchover
temperatures marked on the switch. They are usually about
room temperature (60°F —15°C, or 78°F — 25°C) indicating par-
tial engine warm-up.

You can check the thermoswitch installed or removed, using
an chimmetet as shown in Fig. 5-18, When below the marked
temnerature, there should be continuity in the switch, indicat-
ing it the contacts are closed. When above this temperaiure,
there should be no continuity, indicating that the switchis open.
if the switch fails the tests, replace it.

Checking Lambda Control

You can check lambda control-unit function and regufation
by simulating thermoswitch and lambda-sensor signals, and
then measuring the lambda-control valve duty cycle. You can
use a special Bosch tester, or use a dwell meter connected to
the test connector in the engine compartment. See your shop
manual for its location. if you use a dweli meter, you'l have to
convert the specifications from the duty-cycle scale {0-100%)
to the equivalent degrees of dwell (0~80%) on the 4-cylinder
setting. Do the tests in sequence.

i you get incorrect readings for any of these tests, check the
lambda-control system wiring for continuity, and make sure the
wiring connections are tight and free from corrosion, then
repeat the tests. If the readings are still incarrect, the lambda
Control unit may be fauity.

Fig. 5-18. When lambda thermoswilch is warm, it should be
open, so there is no continuity as shown. When
swilch is cold, there should be continuity with
switch closed.

Open-Loop, Cold. To check reaction to the thermoswitch
signal, start by simulating a cold engine: Disconnect the wiring
connecior to the thermoswitch, and then short across the two
terminals of the connector with a jumper wire,

With the ignition on, you should see the tester needle at
about 60% duty cycle. See Fig. 5-19. It's teiling you the Lambda
control-valve is open more time than normal to enrich the
mixture for a cold engine. The needle should not swing. This is
cold-engine “open-icop” operation; a fixed pre-programmed
signal from the control unit is giving a steady rich mixture.

Dwett
{set to 4-cylinder scale)

Duty ycfe

B209CIS.BCH

Fig. 5-19. When testing lambda-control system, you can
check duty cycle or dwell. Remember that 100%
duty cycle equals SC° dwell. Here, for cpen-loop
operation on cold engine, duty cycle is 80%, dwell
is 54°.

TERT R e

Control Systems (K—Bésicf?’-K—Lambda) '
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Open-Loop, Warm-Up, Remove the short from the ther-
moswitch cable so it is open, as if the thermoswitch has
opened its contacts. You are signalling the control unit that the
engine is partially warmed up so the control unit cuts back
enrichment and sends a steady open-loop 50% signal, right in
the middle. Again, the needle doesn't swing toward a rich or
lean signat because the lambda sensor is t0o cool to send
good signals. When you've completed the warm-up test, re-
connect the thermoswitch.

In addition to cold lambda-sensor operation, steady, open-
loop signals may come from the control unit as a result of inputs
from other sensors, such as a wide-open threttle, or engine
speed, depending on the car.

Rich Stop. This test checks control-unit reaction to a zero-
voltage output from the lambda sensor. That signals a very lean
mixture, which drives the air-fuel ratio towards rich. To test,
disconnect the lead to the fambda sensor and ground it, as
shown in Fig. 5-20. This is the same as if the lambda sensor
were putting out zero voltage. With a no-voltage signal to the
control unit, it should pulse the lambda valve to fully enrich the
mixture. The duty cycle will read about 95%. The more time the
valve is open, the more the mixture will go toward rich. In this
tase, 5% duty cycle is the rich stop; tambda contral cannct go

" any richer.
I
= Control
* unil
Wa N

Lambda sensor

= |

L

Lamibda
control
vale

Fig. 5-20. To test it lambda control wili enrich rixture in
reaction to a no-voltage (lean mixturs) lambda-
sensor signal, disconnect lead from iambda sen-
sor and ground to engine (arrow).

Lean Stop. This test checks control-unit reaction to a rich
mixture. Instead of grounding the lambda-sensor wire, touch it
to the positive terminal of a 2 volt dry cell as shown in Fig. 5-21.
Ground the negative terminal of the battery to the engine. This

E 9
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simulates positive voltage generated by the lambda sensor, :
indicating the mixture is rich. With a rich signai, the control unit
should send a duty cycle signal of only about 10%. The less ¢
time the valve is open, the Jess fuel injected. The mixture goes
toward lean, the lean stop. You've seen the two lambda control
extremes, 0 recennect the lambda sensor connector.

Fig. 5-21. When you apply voitage to the disconnecied
tambdia sensor wire (1), controf unit shouid reduce
lambda valve duty cycle to fully lean the mixlure.

Open-Loop/Closed-Loop Changeover. To test the chan-
geover from open-lacp operation to closed-logp, run the en-
gine for a few minutes, until it is above the thermoswitch
temperature. Turn it off for a few minutes so the fambda sensor
will cool down, then start it again. Right after start-up, you
should see a steady needle in the middle, for a minute or so.
The sensor is not yet hot, so the electronic control-unit is
sending the fixed 50% open-loop signal to the lambda control-
valve,

When the sensor is hot enough to send the right kind of
“hot" signals, the control unit switches over to operate in a
closed-loop mode. You should see the needle fluctuating at the
middle, typically between 45-55%. See Fig. 5-22. A swinging
needle indicates closed-loop operation—normal idle, warm -
engine, warm lambda sensor,

Cwell -
(set to 4-cylinder scale)

60 708090100

Duty cycle B210Gi5.BCH |

Flg. 5-22, During closed-loop operation, lambda-contral
valve duty cycle fluctuates as lambda-control sys-
tern averages mixture around ideal ratio.




CONTINUOUS INJECTION — TROUBLESHOOTING & SERVICE 23

6. CONTROL SYSTEMS (KE-SYSTEMS)

This section covers the testing of those KE control systems
that compensate the air-fue! mixture for all operating condi-
fions.

6.1 Fuel Pressure Tests

As with K-basic and K-fambda, fuel pressure in KE systems
influences all engine operating conditions. You'll measure three
significant KE pressure values: 1) System pressure—the pres-
sure created by the main fuel pump and regulated by the
diaphragm pressure regulator, 2) Differential pressure—the
pressure difference between the lower chambers of the fuel
distributor and system pressure, controlled by the pressure
a  tor, and 3) Residual pressure —the pressure maintained
in tue system by the fuel acoumutator and the fuel-pump check
valve after the engine (and fuel pump} is shut off.

Most of your pressure checks on KE systems are guite
different from those with K-basic and K-lambda. You wiil first
measure system pressure, as specified in your shop manual,
and then subtract from that measurement the actual lower-
chamber pressure to see if the differential pressure is as spec-
ified.

Before you run your pressure checks, remove the gas tank
cap. Remember, the cap seals the tank, so negative pressure
(vacuum) could reduce the flow, and positive pressure (from
vapor build-up) to about 1-2 psi could force fuel through open
lines. Do the pressure tests in sequence.

Measuring Pressure-Actuator Current

For the pressure tests, you'll need to instatl a wiring test =

adapter to connect your digital meter to the pressure actuator.
T  idapter is shown eariier in Fig. 1-6. With it, you'll read the
miliamps (MA) of current controliing the mixture by controfling
the pressure differential. To install the adapter, remove the
wiring connector from the pressure actuator, and instalt the
adapter between the connector and the pressure actuator.
Then connect the voltmeter probes to the adapter. See Fig. 6-1.

inétalling Pressure Gauge

Before installing the pressure gauge, refieve pressure in the
lines. In KE systems, if you do this by opening a fuet line, always
relieve pressure first at the upper fitting as shown in Fig. 6-2,
and catch any fuel with a cloth. if you open the lower-chamber
fiting first, you will not relieve all pressures, and fuel will spray
out when you open the upper fitting. You can also open the
startvalve fitting; in some cars, notably Mercedes, you'll find a
special test connection for attachment of the gauge.

Fig. 6-1. Read pressure actualor currery with lest adapter
connecled between Pressure aciualor and wirng
connector {arrow)

Fig. 6-2. On KE systems. if you relieve pressure by opening
a fuel fitting. use the upper Liung

Connect the pressure gauge so the fitting controlled by the
shut-off valve is attached to the upper connection as shown in
Fig. 6-3. That will measure system pressure. Use new seal
rings to contain the pressures. Connect the other fiting to the
lower-chamber test connection as shown in Fig. 6-4. Check
your shop manual to see if special fittings are necessary.

B
5

Controf Systems (KE- }fsrems)




24 CONTINUOUS INJECTION — TROUBLESHOOTING & SERVICE

NOTE =

All of the gauge readings shown in this section
are related to 5.5 bar (80 psi) system pressure.
This is for example only. Some KE-Jetronic and
KE-Motronic systems since 1988 operate with
system pressures of 6.3 bar (91 psi). So check
your shop manual,

Fig. 8-3. Install gauge line controlied by shut-off valve 1o
upper fittina of fuel distributor

Fig. 6-5. Test system pressure with gauge valve open and
tuel pump running. ignition shouid be off so that the
pressure actuator does not influence reading

Lower-Chamber Pressure (Differential Pressure)

Warm. Turn on the ignition and close off systern pressure
with the vaive. Run the pump. The gauge now reads warm
lower-chamber pressure, With the voltmeter reading about 10,
mA of actuator current, the pressure should read about 5.1 bar .
{78 psi). Check your manual for the specified pressure differ-:
ence -~ say 0.4 bar (5 psi) in this case. Four-tenths bar-pressure

SRRt

Fig. 6-4. Connect other gauge fine to lowes-charmber test differential means subtract the specified drop from your mea-

connection. On some cars, special adapters may sured system pressure: 5.5 minus 0.4 equals 5.1. If the pres-

' bs necessary sures are correct, go to the cold-differential pressure test, If the
pressure is incorrect, first check throughflow as described
; beiow. If the throughfiow is OK and the actuator current is

! System Pressure correct, the pressure actuator is faulty.

With the pressure-gauge valve open and the ignitior: off,
2 jump the safety circuit as described in 1.1 General Proce-
dures and Precautions to run the fuel pump. See Fig. 6-5. You
should see system pressure on the gauge: 5.5 bar (89 psi) is
a typical KE-Jetronic pressure. If systern pressure is not up to
specification (not between 5.2 and 5.6 bar), check fuel-pump
delivery, pump-supply voltage, filter, and supply and return
lines for restrictions, just as in K-basic and K-lambda. i avery-
thing else checks out, replace the KE-pressure regulator; it is
not adjustable,

Restrictor Throughfiow. If the pressure differential is too
small, it may be because the actuator-fuel restrictor in the fuel
distributor is clogged. To check it, measure the lower-chamber
fuel throughflow. Remove the lower-chamber line frorm the fuel
gauge as shown in Fig. 6-7. Make sure the gauge valve is
closed. Direct the hose into a container and run the pump. See
your shop manual for the specified time and flow; 140 cc (4.7
0z.) per minute is typical. Throughflow is about one-tenth of
pump delivery, so you won't see a big stream,

e R e A A3 bt
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Fig. 6-6. Check differential pressure with the gauge valve
closed.

Fig. 6-7. Remove hose from pressure gauge and run pump
to check troughfiow from the lower chamber. A
clogged restrictor in the fuel distrbutor can affect
differential pressure.

It throughflow is OK, reconnect the hose for the next test. if
it's not OK, you can try to clean the restrictor by removing the
fuel distributor and blowing carburetor cleaner through the
lower-chamber circuit. Retest warm differential pressure, if it's
stilt not OK, replace the fuel distributor.

Cold. To check the cold-differential pressure, plug a 15K-
ohm resistor into the engine-temperature connector to send a
cold-engine signal to the control unit. See Fig. 5-8. Disconnect
the lambda sensor, turn the ignition on, and run the pump. The
lower-chamber pressure difference from the system pressure
You measured should be about 1 bar {15 psi) with the actuator
Current at about 60 mA. See Fig. 6-9. If your system pressure
is 5.5 bar (80 psi), cold KE lower-chamber pressure will be 4.5
bar {85 psi). If the pressure differential is incorrect and actuator
Current is OK, replace the pressure actuator. if the differential
and actuator current are incorrect, either the wiring or the
control unit is faulty. '

Fig, 6-8, [hsconnect temperature senscr wire and brdge
terrnals with 15K-ohm resisior or special ool
showy This will fool the coriro st rin pehaving

prgine 15 oold

Fig. 6-9. Coid-ciflerential pressure is usually 1 bar (14.5 psi)
iowar than syslem pressure. Typical corresponding
actator current is B0 mA. Check your manual for
correct spacifications.

Residual Pressure

The KE-system residual-pressure test checks system leaks
just as the K-basic and K-lambda test does. This test is espe-
claily important if you experience hard starting with a warm
engine. Open the gauge valve, run the pump briefly, then shut
it off. Twenty minutes later, you should stifl read at least 2.6 bar
(38 psi} residual pressure.

Controi Systems (KE-S




Fig. 6-10. If residual pressure falis beiow 2.6 bar (38 05i)
after 20 minutes, look for feaks in the fuel system:

If residual pressure is too low, there are many possible
sources of leaks:

® external leaks at all fuel-line fittings

& the injectors {including cold-start)

® the sensor-plate basic-position adjustment
® pressure-regulator diaphragm

® the fue! accumulator diaphragm {quick-check the dia-
phragm by removing the screw from the end of the accu-
mulator if fuet leaks out, the diaphragm is faulty and the
accumulator should be replaced.)

# the fuel-pump check valve (see below).

Fuel-Pump Check Valve. The check valve is part of the
outtet fitting on the pump. See earlier Fig. 5-17. To check the
valve, disconnect the fuel supply line to the fuel distributor and
attach the pressure gauge. Make sure that the gauge vaive is
closed. Briefly run the fuel pump untit pressure reaches 5 bar
{73 psi) and shut off the pump. If residual pressure falls below
specification, replace the pump check valve. Before you re-
move the fitting, remove the gas tank cap, clamp the pump infet
hose so no fuel will escape, and clean the fittings. Instali a new
seal and check valve and torgue to specification. Check all
connections with the pump running and redo the leakage test.

After you remove the fuel-pressure gauge and reconnect
the lines with new washers, recheck the system under pressure
for leaks. Also remove the wiring test adapter and reconnect
the actuator wiring connector.

Control Systems (KE-Systems)

6.2 Control

This section covers simple tests you can run to troubleshoot
faults, such as poor driveabiiity or a failed ermissions test,
caused by the KE controt system and its sensors. You won't
find all of these control functions on all cars, so again. check
your shop manual to see which ones apply.

Some KE-Jetronic and KE-Motronic systems have gn-board
diagnostics with fault memory which can indicate troubie in the
system. If your system has this, consult section 6.3 Fault
Codes before proceeding with these tests.

To check KE contrel, connect the wiring adapter and your -

digital meter to the pressure actuafor to read the milliamps (mA)
of current controlling the mixture. For more information see 6.1
Fuel Pressure Tests above. Those are the first steps in this
series of checks for control operations. For best results, per-
form the tests in sequence.

If any of the test results are incorrect, check lhe wiring
between the components responsible for the function and the
contral-unit connector for continuity before assuming that the
controf unit is faulty.

Post-Start/Warm-Up

For this check. pull the pump fuse to keep the engine from
starting, and remove the engine-temperature sensor connector
to simuiate that the engine is cold. When you crank the engine
briefly, you should see post-start enrichment, typically 140 mA.
Leave the ignition on. For about 30 seconds, post-start enrich-
ment continues, then slowly reduces to warm-up enrichment,
until the meter reads about 8G mA. Remember to check the
specifications for your car,

Flg. 6-11. For cold post-start, actuater current should typi-
cally read 140 mA
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If the contral current is correct but the engine still has poor
driveability during warm-up, check the resistance of the engine-
temperature sensor as described in your manual.

Cold Acceleration

For cold-acceleration enrichment, quickly lift the sensor-
plate as shown in Fig. 6-12 while holding the throttle open to
open the idle-switch. You should see over 140 milliamps for
ahout one second, indicating maximum enrichment; then it
drop off quickly to warm-up enrichment. If you get no reading
or the reading is incorrect, check the potentiometer as de-
scribed below.

Fig. 6-12. Check ¢old-acceleration ervichrment by quickly
Ifing sensor plate with throttle open. Incorrect
miliamp reading could mean the potentiometer is
out of adjustment.

Stentiometer. KE potentiometers measure the position of
the sensor plate. The only purpose of this is to provide infor-
mation for enrichment during coid acceleration. If your engine
stumbles during cold acceleration, the potentiometer may be
bad or out of adjustment.

To check the potentiometer, remove its wiring connectar
and, foflowing the wiring diagrarm in your shop manual, check
the resistance between the three potentiometer terminals. Your
shop manual shouid have the resistance specifications, but the
main point is that the resistance should change from specifi-
cation when the plate is raised even slightly above basic posi-
tion. If the readings are incorrect, loosen the fastening screws
enough to rotate the potentiometer in the screw slots. Tighten
and retest. The adjustment is very fine, so it might take a few
tries to get it right.

Full-Load

For the fuli-load check, bridge the engine-temperature sen-
sor lead to simulate a warm engine. Reinstall the fuel-pump

fuse and start the engine. With the engine running about 4000

rpm, note the actuator current, then close the full-load switch,
The miliiamp reading should jump 3 mA, say from about 3 mA
(switch open) to 12 mA (switch closed). If the reading is incor-
rect, the full-load switch may be faulty.

T =

Fig. 6-13. With a warm engne above 4200 rom. close full-
oad swalch and waich w7 2 oy oo the
change i actualor current

To test the switch, remove its wiring connactor and test atits
terminals with an ohmmeter. You should see continuity with the
switch closed, and no continuity with the switch open,

RPM Limitation

Briefly run wide-open to check rpm limitation. The engine
should surge —indicating limitation —and the control current
should read a negative value (approximately —20to — 45 mA),
alfowing actuator fuel to flow at system pressure into the lower
chambers. The diaphragms rise and cut off injector fuel.

Fig. 6-14. Oncars with rpm limitation. pressure-actuator cur-
rent 1s negaive, in this case —20 mA. so that
differental pressure is zero, cuting off injected
fuel.

Control Systems (KE-Systems)
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Coasting Cut-Off

Rev the engine and then release the throttle so it will snap
closed. You should see a quick reading of negative current, It’s
the same action as rpm fimitation, closing off the fuel, but it's
momentary, and you should see positive current as soon as the
rpm approaches idle.

Fig. 6-15. To check coasting cut-off, rev engine and release
throttie so it snaps closed. Look for negative ac-
tuator current to cut off injected fusl,

Checking Lambda Control

To check controk-unit operations for the tambda-sensor cir-
cuits, go open-loop by disconnecting the sensor with the en-
gine running. You should see a steady actuator current, typi-
calty 10 mA. Note that actuator current will be less if your
system has an altitude sensor and if you are above 2000 feet
{600 m) altitude; if so, disconnect the altitude sensor for these
tests.

Next, ground the lambda-sensor terminal that leads to the
controf unit as shown in Fig. 6-17. This simulates a lean mix-
ture. The actuator current should increase to 20 mA, a 10 mA
increase as the control unit drives the Systemn to the rich stop;
you'll see the current increase in about 20 seconds,

Finally, remove the ground and wait about 10 seconds for
the system to stabilize. Then, using a dry celi as shown in Fig.
6-18, apply about one volt-plus to the lambda-sensor connec-
tor. This will simulate the lambda sensor sending a rich signal
to the control unit. The actuator current should fall toward Zero
as the system is driven to the lean-stop.

Control Systems (KE-Systems)

Fig. 6-16. Typical actualor current, engme warm, open-oon
(lambda sensor disconnected).
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Fig. 6-17. Ground the lambda-sensor terminal lo simulate
lean mixture. Look for increase in actuator current
to rich stop.

Checking Lambda Sensor

You've now seen that the control unit correctly controls the
actuator current for different operating conditions.

This test checks that the lambda sensoris sending a voltage
signal for the control unit to monitor, With the witing test
adapter installed and the fambda sensor connected, run the
engine at idle and look for the actuator current to fluctuate up
and down in a narrow range, If the current fiuctuates, the
sensor is OK; if it doesn't fluctuate, replace the lambda sensor.

ik
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If the engine does not have a heated lambda sensor, you
may have to idle the engine for a few minutes or hold it at 3000
rpm for about a minute to warm the sensor,

Those are some of the simple ways you can check KE
mixture control and the lambda-sensor circuit,

Rlte

Fig. 6-18. Apply voitage (as from a dry cef}) to the lambda-
sensor connector that leads to the control unit.
This simulates rich mixture. Look for actuator cur-
rent 1o falt towards zero, the fean stop.

6.3 Fault Codes

Before troubleshooting, adjusting, or repairing KE3-Jetronic
or KE-Motronic systerns, read out the fault memory —the diag-
nostic information stored in the memory of the control unit. Not
only will this speed your work, but unless you read these out
first, you may experience bogus fault codes, stored as a result
of  cking or adjustment work that may exceed control limits.

Look over the description of the fault memory in chapter 5,
recalling that California cars differ from 49-state cars, and that
emission-refated faults are stored differently from non-
emission-related faults. In these procedures, 'l talk about 49-
state cars.

Test Set-Up

Before reading out the fault codes you should:
® check the ground connection to the intake manifold

® make sure the engine is fully warm {upper radiator hose
too hot to hold)

¢ run the engine briefly to 3000 rpm, then

® briefly press the accelerator pedai to the fioor, and
¢ [et the engine idle for 2 minutes.

Some cars have a test iead for reading out the fault codes
located next to the fuel distributor as shown in Fig. 6-19.
Connect a test light between this fead and the positive terminal
of the battery. On other cars, notably with KE3-Jetronig, you'll
see the fault codes on an indicator light on the instrument panet
as shown in Fig. 6-20.

Test lead QJ /.

Fig., 6-19. On most systems. read tha ‘aull codes at a test
connector next to the fus! cisinbuior.

Indicator light

\

T AN (=~ )
o Lock '"—"D :
J L OFF JILTA )

r ) 8 K . -

Flg. 6-20. On KE3-Jetronic systems. mosl notably Audi,
read fault codes from flashing dashboard light.

To get the code to read out, insert a spare fuse into the top
of the fuel-pump relay for at least 4 seconds. See Fig. 6-21.
When you remove the fuse, the fault code will flash as follows:

1. Start signal: ON, then OFF for 2.5 sec.

Controf Systems (KE-Systems)
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2. Fault code, 4 digits
— 1st digit — ON, 2.5 sec, QFF
— 2nd digit — ON, 2.5 sec. OFF
— 3rd digit — ON, 2.5 sec. OFF
— 4th digit — ON, 2.5 sec. OFF

Fig. 6-21. To read out fault codes, insen spare fuse into
fuel-pump refay.

2 2 3 1
1 NN RE ENN N [

Fig. 6-22. For trouble code, read interval of flashing light;
number of flashes indicates digit of fault code.

Each 4-digit code will keep repeating until you insert the
fuse again. When you rermove the fuse the second time, you'il
see the second fault-code flash, continuing until you insert the
fuse again. After you've read out all the fault codes, you'll see
the end-of-fault display:

— 2.5 sec. ON, 2.5 sec. OFF

Codes

Codes marked * are stored in permanent fauk memory, and
will be retained untit erased. All others will be stored in tempo-
rary memory and will be stored even after turning OFF the
engine, but will be erased on restart. ¥ codes are erased, drive
the car for about 5 minutes. If you have a no-start, crank the
engine for about 6 seconds. California cars are different; check
your shop manual. Table b lists the four-digit codes and their
fault equivalents.

Control Systems (KE-Systems)

Table b. Fault Codes

Code Fault equivalent

0000 End of fault

1111* Control unit, replace

2113* Ne speed signal from distributor; check Hall

sensaor and cirouits. OR air-flow sensor plate
not moving freely; adjust potentiometer or

lever,
2121 tdie switch; check switch, circuit.
2123 Full throttle switch; check switch, circuit.
2141 Knock controt at max, retard; test

compression, change fuel octane, adjust
timing, check knock-sensor wires.

2142* Kneck sensor signal; test sensor. See
chapter 4
2231 Idle-speed stabilizer adjustrment limits

exceeded; too-fast idle. Adjust throttle for full
closing, check for vacuum leak, check

ignition timing
2232 Air-flow sensor potentiometer; check wiring
2312 Coolant-temperature sensor; check wiring,

check resistange

2341 Lambda sensor control limit; check CO,
check iambda-sensor wire, check
lambda-sensor control, check start valve,
check evaporative system, check for
vacuum feaks

2342 lLambda sensor control; check wire, check
sensor
2343 Rich limit; the pressure regulator has

exceeded + 10mA for more than 5 minutes,
closed-ioop; check idie,

2344 Lean limit; the pressure actuator has
exceeded —5mA for more than 5 minutes,
closed loop; check for vacuum: leaks.

4431 ldle-speed stabitizer

4444 No faults recognized

Permanent fault codes should be erased after any adjust-
ment of repair; temporary codes are erased by restart. To erase
KE-Motronic permanent fault codes:

1} tumn ignition OFF

2} insert fuse

3} turn ignition ON

4) after about 4 seconds, remove fuse, observe code 0000
5) insert fuse; after about 10 seconds, remove fuse

To erase KE3-Jetronic permanent fault codes:

1) turn ignition QFF
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2) insert fuse
3) turn ignitionn ON
4) after about 4 seconds, remove fuse

8} insert, remove fuse three times until indicator fiashes
4443

6) insert fuse
7} after about 4 seconds, remove fuse observe code 000 0
8) insert fuse

9) after about 10 seconds, remove fuse

IpLE RPM AND MixTURE (CO)

After any service, check idle speed and mixture {CQ) if
they're adjustable. For all of the CO tests you'll need access to
an exhaust-gas analyzer. They're expensive, but your local
service station or vehicle inspection station may be willing to
rent you some time on theirs.

Follow the emission label to set your car to the right spec-
ffication. Also follow the underhood decal instructions about
exhaust-gas recirculation {(EGR), the air pump, the vacuum
fimiter and other equipment, such as idie-speed controt,

This label will also advise you of the exhaust-gas sampling
point, usually a pipe off the exhaust manifold. That's more
accurate than the tailpipe because you'll be sampling exhaust
gases as they come from the engine, before they get cleaned
up in the catalytic converter. The hose from the exhaust-gas
analyzer fits right onto the pipe. It must fit snugly so there is no
exhaust leak. i you can only sample CO at the tailpipe, note
that the CQO specifications will be much lower.

Adjusting Mixture (All Systems)

Before you adjust the mixture of any of the systems, keep
this in mind: turning this screw changes the plunger Iift for a
certain air flow. See Fig. 7-1. Turning the screw clockwise
makes the mixture richer (higher CQO); turning it counterclock-
wise makes the mixture leaner (lower CO).

After each adjustment, remove the adjustment wrench and
then accelerate the engine to stabilize the mixture before you
take a reading on the analyzer; just placing the tool in the screw
will change the CO reading. Every time you accelerate, the
updraft air-flow sensor and its arm must rise. i you left the tool
in place, you'd bénd it. Be sure you get that tool out!

On most systems, the mixture-adjustment hote in the air-
flow sensor is covered by a tamper-proof plug. To remove the
plug, drilla 2.5 mm {342 in.) hole in the plug. Only drilt 3.510 4.0
mm (%%s to %2 in.) deep. Then use a sheet metal screw to

extract the plug. Do not allow any metal shavings to fall into the
air-flow sensor. In most states, emissions regulations require
that you install a new plug after making adjustments.

Fig. 7-1. Adjust mixture by using special tool (1) to change
refationship of control plunger and sensor-plate
lever.

NOTE =——

The U.8. government and some states consider
it “illegal tampering™ for the car to leave a
commercial repair facility without the anti-
tampering plug correctly instalied.

NOTE e .

Before adjusting mixture on any system, it is a
good idea to change the oil and filter. Fuel in the
crankcase oif can alter the CO readings.

7.1 K-Basic

Idle Adjustment. Using a tachometer, check the idle rpm
with the engine warm. The idle-speed screw shown in Fig. 7-2
adjusts the amount of air bypassing the closed throttie. It's easy
to adjust idle rpm because it doesn't depend on the mixture
adjustment.

Mixture Adjustment. With the adjustment wrench inserted
as described above, start by screwing it out; always start
mixture-adjustment from the lean side.

For downdraft mixture adjustment, remove the access
screw to reach the adjustment, but replace the access screw to
block false air before reading CO on the anaiyzer. On some
downdraft types, there’s no plug to remove; but remove the
wrench from the adjustment screw each time you accelerate
the engine.

idie RPM and Mixture (CO)
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Fig. 7-2. Adjust idle rom at bypass screw on throttle body.

7.2 K-Lambda

idie Adjustment K-lambda rpm adjustment is the same as
K-basic.

Mixture Adjustment. You can adjust mixture using CO
readings, or you can use the lambda tester to read the lambdia-
control valve duty cycle, and then use the exhaust-gas analyzer
to be sure the system is working properly. If you use a dwell
meter connected to the test connector, remember that you'll
have to convert duty-cycle percent readings to degree-dwell
readings.

With the engine warm, operating closed-loop the needle
should be swinging in a narrow range. i, instead of swinging in
the middle, it's well above 60%, it means that the lambda
system is trying to control a mixture that is way too lean. See
Fig. 7-3. Before adjusting the mixture, first check for air teaks
that could be causing that lean mixture. [f you're sure the ajr
system is tight, turn the mixture adjustment screw clockwise to
enrich the mixture.

Dweii
(set 10 4-cylinder scale)

Duty cycl

B211CIS.BCH
—J

Fig. 7-3. if the needle swings high on the scale when the
system is operating ciosed-loap, the mixture s set
too lean; enrich the mixture.

On the other hand, if the needle swings well below 40%, it
means the iambda system is trying to control & mixture that's
way too rich. See Fig. 7-4. After checking the engine, such as

ldie RPM and Mixture {CO)

for oil on the air fiiter from crankcase verification, check the
cold-start injector to be sure it's not leaking. Lambda control
can do a great job but only with proper basic settings and good
engine condition. if they're OK, turn the mixture screw coun-
terclockwise to lean the mixture.

90 100

BN S

Dwell ‘!
(set 1o 4-cylinder scalg) N

% B
Duty cycie B212CI5.8CH

Fig. 74, Alow swinging needk: {duty cycle) means the mix-
ture is set too rich: turn the screw counterclockwise
to lean the mixture.

When you see the normal fluctuation of the needle around
45 to 55%, between rich and lean, just right, you've set K-
lambda mixture properly. Together, the dweli readings and the
CO meter wiil show you when the mixture is set correctly and
both the engine and lambda system are OK.

7.3 KE Systems

For KE systems, begin by checking timing and idle-rpm
against the engine specifications. Run up engine rpm for about
30 seconds to be sure the lambda sensor is hot. If there’s a
heating circuit for the sensor, you don't have to. Make sure the
sensor is connected for closed-ioop operation. On KE3 and
KE-Motronic systems, read the fault codes first, as described in
6.3 Fault Codes, befare making any adjustments.

NOTE mwes

Some KE-Motronic systems are adaptive; they
hiave no adjustments for idle TP or mixture.

On KE systems you read actuator current as well as CO, so
install the wiring test harness at the pressure actuator as shown
in Fig. 7-5, so you can read the current. With the engine idling,
current should swing in a narrow range, back-and-forth a
milliamp or two. That's a sure sign the system is operating
closed-loop. The CO reading must also be in spec. A typical KE
reading is 9-11 mA; a typical KE-Motronic fluctuation is from O
mAto +5 mA,

Iif idle adjustments are necessary, start with mixture. KE is
adjusted just as on K-basic and K-lambda systerns, using the
mixture screw. Adjust until both CO and actuator current are in
spec.

e
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Fig. 7-5. Check KE mixture with exhaust-gas analyzer, and
with voltmeter 1o read actuator current.

Nate that in some cars, you adjust mixture closed-loop for
the specified actuator current, fluctuating; then you check CO
to be sure it's in specification. In other cars, you adjust mixture
open-loop for a specified CO; then check closed-lcop to see
that the actuatar current is in specification, Closed-toop, set
actuator current, check CO. Cr open-loop, set CO, check cur-
rent. See Fig. 7-6.

Closed loop —wm——fin {fluctuating)

Adjust MIXIUE o s s s e e e e ——

Open loop

- CO = 0.6%

Fig. 7-6. KE mixture can be adjusted open-loop or ¢losed-
loop, but the results are stilt the same.

What if you can't get both actuator current and CO in spec?
Check for exhaust leaks that could keep you from matching
actuator current and CO. Apply air pressure to the exhaust-gas
tap as shown in Fig. 7-7 to help you find them. Exhaust leaks

must be eliminated because leaking air that reaches the
lambda sensor when the engine is running can fool the system
into delivering a too-rich mixture.

Fig. 7-7. Check for exhaust leaks by pressurizing system at
exhaust CO tap and ifistening for leaks. Exhaust
leaks can fool the lambda sensor and cause rich
mixtures.

You can adjust KE-Jetronic idle-rpm with the idle screw if the
engine has an auxiliary-air valve. Adjust it the same as you do
on K-basic and K-lambda.

If the KE system has an idle-speed stabilizer, you do not
change rpm by turning the adjusting screw. The idle rpm is
programmed in the control unit to control the idle-stabilizer
dwell, Remember, when you adjust the screw bypass, the
control-unit changes the dwell signat which alters the stabilizer
bypass to hold the rpm.

To adjust idle on systems with an idle-speed stabilizer, you
check stabilizer dwell as shown in Fig. 7-8. There should be a
test connector in the engine compartment; check your shop
manuai for location. Tuming the idle screw, in effect, adjusts
dwell, not rom. You may adjust it open-loop, with the stabilizer
grounded, or as specified. i you can't set dwell to spec., check
the stabilizer according to the manual. If i's OK, replace the
control unit,

Idle RPM and Mixture (CO)



Fig. 7-8. To set idle ;bm on KE systems with an idle-speed
stabilzer, you check stabilizer dwell to set rpm.

8. START AUXILIARIES

The start auxiliaries include those components which in-
crease air flow or add fuel enrichment independent of the
control unit. These include the cold-start injector and the
auxitiary-air valve.

Test the cold-start injector the same way as described in
chapter 4. Just remember that some K-lambda systems have a
hot-start pulse relay that grounds the start injector on-and-off
during cranking, even when the thermo-time switch circuit is
open.

Also test the auxiliary-air valve and idle-speed stabilizer as
described in chapter 4.

Stgrt Auxiliaries
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1. INTRODUCTION

In the previcus chapters | explained the detailed workings of
Bosch fuel-injection systems for passenger cars, and hopefully
cleared away much of the mystery surrounding them. Now | will
tzke a look at the car enthusiast's abvious next step — modify-
ing fuekinjection systems for high performance.

After you've read the other chapters you should know
encugh about the various ways that Bosch systems meter fuel
that you can comprehend what the aftermarket tuners and
parts suppliers are offering you, and what features of the stock
system you might have to give up. You'll know enough to ask
guestions and to understand the trade-offs that usually accom-
pany fuel-system modifications.

At this point, itis only natural to begin thinking about ways
¢ ne-tuning or modifying your fuel-injection system. First a
strong word of caution. Robert Bosch is one of the most
technically sophisticated suppliers on the automotive scene
today. Bosch pioneered the use of fuel-injection systems in
automobiles decades ago, and they have been ieaders in the
field gver since. K takes a lot mare than casual effort or a turn
of a screwdriver to improve on the Bosch expertise. Many
attempts result only in reducing overall performance and cre-
ating expensive headaches.

There are exceptions, of course, particularly when segking
substantial power gains from a highly modified engine. In some
cases, modification of the fuel-injection system is necessary to
realize the full benefits of engine modifications such as more
radical camshafts, cylinder head porting, or forced induction.

Fig. 1-1. High-periormance tuning 15 0ot hid-or-miss. 7o
maintan diveability along with performance. as on
this BMW engine, requires much testing

This chapter looks at high-pertormance and racing applica-
tions of Bosch fuel-injection systems. I'll discuss the different
applications and many current approaches to modifying Bosch
fuel injection. You'll see when and why some modifications may
be necessary, and why some others are likely 1o be a waste of
time.

Fig. 1-2. Barber-Saab racing fleet uses stock LH-Jetronic
fuel injection on turbocharged Saab engines.

At first glance, it may seem that I'm out to discourage
fuel-injection system modifications, but that s hardly the case.
Time spent under the hood, investigating and experimenting
with fuel injection madifications is fascinating and educational.
My intent is simply to help you to avoid wasting time and
money, to avoid some of the more comymon and costly mis-
takes, and to give you the basic knowledge necessary to buiid
the best running fuel-injection systern for your needs. For many
applications, the stock fuel system is really the best system s¢
the best recommendation that this book can make is to leave
it as is.

Of course, in the presence of a waving green flag the whole
scene changes. Some exciting examples of Bosch fuel injec-
tion can be found on practically any racetrack. A quick glance
into the engine compartment of almost any world-class racing
car — from wild World Championship rally cars to GT prototypes
to Formula 1 cars —wilt show that some very serious manufac-
turers and engine builders are prime users of the incredible
Bosch fuel-management expertise. The turbocharged engines
used in Formula 1 have produced over 1,000 horsepower from
a mere 1.5 liters displacement with Bosch fuel injection, so
don't fet anyone canvince you that bolting on a set of monster
carburetors is the only route to maximum horsepower,

2. THE LEGAL ISSUES

OK, this subject is not the most fun, but it is a realistic
problem. All fuel-delivery systerns, carburetors ang fuel-
injection systems afike, are now considered to be part of an
engine’'s emission-control equipment. Modifying the fuel-
injection system is, therefore, modifying the emission-control
system, and that raises some questions.

Practically speaking, # the car is to be registered and driven
on public roads, the laws in your state and the legality of your
modifications may have to become more important than ulti-
mate performance.

The Legal Issues
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Street Cars and Emissions

As this is written, at jeast 37 states require some sort of
inspection program which could declare a car ineligibie for use
on public roads if it is found to be modified, or if it fails to pass
an exhaust emissions test,

California regulations are especially tough, defining illegal
tampering as “missing, modified, or disconnected smog con-
trol systems or parts.” No matter how clean your exhaust is,
passing a Smog Check in California includes passing a visual
inspection. Any missing or modified parts must be restored to
their original, functioning condition. The cost incurred by the
owner to bring a non-tarnpered engine into compliance is
fimited by law, but if the inspection reveals evidence of tamper-
ing, there is no limit; the owner must bring the engine into
compliance no matter what the cost.

Fig. 2-1. Depending upon the laws in your state. any modi-
fications to the fuel system (such as the KE-Jetronic
fuel-injgction systern showry might be considered
ilegal tamperingt

Not alf states are as closely regulated, and from a practical
standpaint the legality issue may mean little in state with no
enforcement program. The timeworn cliche, however, is true:
Clean air is everyone's responsibility.

If the moral argument isn't convinecing, then consider this;
before automotive fuel injection ever found its way into a pas-
senger car, it was used on racing cars by manufacturers
seeking a more controllable and more efficient alternative to
carburetors. Later, the first passenger car applications were on
high-performance models. Remember the Mercedes-Benz
300SL “Gullwing" or the “fuelie” V8 Chevrotets of the 195057
The point s this: Precise conirot of fuel delivery results in more
complete combustion and a more efficient engine. Efficiency is
the one basic building block for optirmum horsepower, clean
exhaust, and maximum fuel economy.

The Legal issues

injector

Inection pump

Fig. 2-2. The first uses of gasoline fuel-injection systems in
passenger cars were in high-perlormance applica-
tions, like this Mercedes 30031, engine with direct
mechanical injection.

A final note: The fuel and emission control system on your
car may carry a 50,000 mile warranty or even more. The
manufacturer may void that warranty if he decides that your
modifications interfere with the performance or refiability of the
original equipment. In one extreme case a manufacturer
voided warranty coverage after installation of an aftermarket
car-phone. It seems the installer had inadvertently drifled
through a circuit in the Anti-lock Brake System (ABS). What
can | say? Read the fine print and know what you might be
giving up.

Aitering Air-Fuel Ratios

In practice, the best set-up for ¢clean exbaust and the best
set-up for maximum power are stightly different. I'll discuss the
differences in detail later in this chapter. For now, just remem-
ber that maximum power output demands a slightly richer
air-fuel mixture —more fuel for a given amount of air.

Adjustrments to fuel mixture would, at first glance, seem to
be cne aspect of fuel injection that is ready-made for fine-tuning
to increase power output. To some extent, Bosch is aiready
ahead of you. Most Bosch fuel-injection and engine-
management systems recogsize full-throttle acceieration as a
special condition with special requirements. Under normal,
part-throttle running conditions these systems precisely adjust
the air-fuel mixture for good performance with minimum ex-
haust emissions. Then, at wide-apen throttle, they provide a
richer mixture —more fuel - to meet the brief demand for max-
imum power. Emissions are increased at wide-open throttle,
but the trade-off is acceptable because of the short periods of
time actuatly spent at fulf throttle,
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Fig. 2-3. Many systems employ a throitle swilch that signals
the ECU when full-throtile enrichment is required.

The message of this section is this: For registered cars,
driven on public road, emission control laws are a necessary
consideration. Many of the modifications discussed in this
chapter will not be legal for street use. Before beginning any
madifications, know how the car will be used and know what
the laws are in your state. Also remember that, when properly
adjusted, the original Bosch system may be difficult to improve
on, especially in street applications where exhaust emission
control is a concern.

Racing Applications

Racing is another matter. Legality is only an issue in terms
o 2 applicable rule book, and emissions are not usually a
facior at all in racing. Especially in production-based racing
classes, the rules governing fuek-injected cars will usually in-
clude some distinctions between modifications which are al-
lowed and those which are not. The best advice is to study the
rule book carefully before madifying the fuel-injection system. If
possible, consult someone who is knowledgable about race-
preparation of cars in your particular class.

3. DRIVEABILITY

One of the most significant advances that fuelinjection
systems offer over carburetors is improved driveability —the
ability to deliver smooth-running performance under a wide
variety of operating conditions. A fuel-injection system mea-
sures many of the factors which affect driveability —engine
temperature for example —and compensates for different con-
ditions to deliver the appropriate air-fuel mixture.

Input Output

Injection
controi

Air flow

"
(load} ﬂﬂj:D

RPM

. - y,
[—
;?J?ger— bAoA A A A A

Engine
termperature

Lambda sensor

Theotlle
Battery

Key B215TUN.BGH

Fig, 3-1. Fuel-injection systems respond 1o varying operat-
ing conditions by monitoring the factors which af-
fect the engine’s fuel requirements.

The stock fuelkinjection system is a compromise design
which balances power output against concerns of driveability,
fuel economy, and exhaust emission control. When it comes to
modifying fuel injection to deliver more performance, or to
match engine modifications, you will almost always be making
frade-offs, Many pecple overtook just what the trade-offs are.
The important point is this: Not all modifications will retain the
driveability or fuel economy of the criginal, unmodified systern.

Fooling The Computer

Modifications which attenpt to trick the electronic conirol
unit (ECU) by manipulating its input signals may produce some
performance gains under fuli-throttle acceleration, but these
same modifications might also result in less-than-perfect air-
fuel mixtures under other operating congitions.

Wolfgang Hustedt is Bosch Motarsports Manager. He says,
"Don't try to fool the computer. Can you enrich by playing
games with the sensors? That's kid stuff which seldom gets
results. The effect of the sensors on the enrichment is usually
linear, so if you want rich at speed, you'll probably get too much
rich at lower speeds.” In other words, any marginal improve-
ment may weill be accompanied by problems elsewhere.

Other medifications might bring the cold-start injector into
play, enriching the mixture by adding additional fuel under
certain conditions. But the cold-start injector was never de-
signed to deliver fuel efficiently to a warm-running engine. its
atomization characteristics are poor. In some applications its
location results in poor fuel distribution. At anything less than
full throttle, expect uneven fuel distribution, manifold wetting,
flat spots, and stumbles.

Driveability
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Bigger Is Better (Or Is It?}

tnstalling a larger throttle vaive is a good example of a
modification which can cost driveability. Accurate fuel metering
depends in part on smooth and consistent intake air flow. A
larger throttle valve ray cause changes in air velocity or un-
even flow distribution, resuiting in lean and rich variations in fuel
delivery and stumbling or jerky throttle response.

Steve Dinan, President of Dinan Engineering, an aftermar-
ket tuning firm in Caifornia, says, "' .. . power gain is elusive.
Somebody can show you tests with more power at one point
on the curve, but you don't know that you are losing some-
where else. For overall power improvement, everything before
turbos is much pain for small gain: higger airbox, larger throttle
body, larger injectors, removing the converter, porting ustually
result in no overall gain . . . You might gain peak power, but
driveability glitches can develop, such as poor idle, loss of
low-end torgue, and high HC [hydrocarbon exhaust ernis-
sions]. Some of the most involved work we do is irying to
restore driveability to a {car) that has been fooled with for a little
gain at one point of the curve.”

You Have To Decide

Pl discuss the details of some of these modifications faterin
this chapter. For now, just remember that any set-up is a
compromise. Part-throttle responsiveness, fuel economy, and
low-speed torque are alt balanced against power at wide open
throttle. Most high-performance enthusiasts are willing to put
up with some sort of driveability problem in exchange for
increased power, but it is something you have to decide for
yoursell. Ifthe car has to start and run in cold weather, idle, and
run smoothly in stop-and-go traffic, then you need to carefully
consider the driveability trade-offs.

4. HiGH PERFORMANCE Basics

In a practical sense, the fuei injection system is just one
more engine component, and all of the components must work
together in a balanced way to achieve peak performance and
efficiency. So, before getting into the nuts and bolts of fuel
injection modification, a quick review of internal cambustion
engine basics will help keep our goals in perspective,

Air Flow and Volumetric Efficiency

Most importantly, keep in mind the concept of an internal
combustion engine as an air pump. A piston, traveling down-
ward on its intake stroke, creates low pressure or vacuurm in the
cylinder. Air rushes in, is mixed with fuel and burned to produce
power, and is then expelled to make room for more air, If you
can increase the air flow through the engine, you can bumn
more fuel and produce more power.

High Performance Basics

in theory, the amount of air which is taken in by an engine
is determined by displacement and rpm. In practice, two fac-
tors reduce the theoretical maximum: (1) Valve timing limits the
amount of air which can be taken in on the intake stroke or
pumped out on the exhaust stroke. The term used to describe
how well the engine pumps air —the true value as compared to
the theoretical 100% —is "volumetric efficiency”. (2) In the real
world, automotive engines are not very efficient air pumps.
Volumetric efficiency is reduced on the intake side by the air
fiter, the air-flow sensor, the throtie valve, and the intake
manifold and ports. They impede the free flow of air into the
combustion chamber. Volumetric efficiency is further reduced
by the restrictions of the exhaust system —exhaust manifolds,
cataiytic converters, mufflers and tailpipes.

With these things in mind, it is easy to see that nearty all the
hot-rodder’s or racer's horsepower tricks have one common
goat: to increase air flow through the engine by increasing
volumetric efficiency at one part of the power curve (at the
expense of other parts). The gains may be tailored to the
middle rpm range tc improve torgue, or to the high rpm range
to maximize peak horsepower, but the idea is the same. Higher
litt and longer duration camshafts, larger valves, ported cylinder
heads, larger carburetors, aftermarket intake manifolds, low-
restriction exhaust headers, and even dual exhaust systems all
have the same job: to reduce air-flow restriction and allow mora
air to pass through the engine. Superchargers and turbocharg-
ers have the same purpose, except that their iob is to force
more air through.

The Fuel System

Naturally, when engine improvements allow increased air
flow through the engine, the fuel system must compensate. It
must deliver a proportionally greater amount of fuel to maintain
the proper air-fuel ratio, or the engine wili run lean.

The air flow and fuel delivery capabilities of the stock fuel-
injection system have been chosen to carrespond to the per-
formance demands of the engine—its volumetric efficiency.
Modifying the engine changes the engine’'s volumetric effi-
ciency and, therefore, the demands being placed on the orig-
inal fuet-injection systemn.

In practice, this may or may not be a problem. Scme of the
stock Bosch systems are quite flexible, able to compensate for
some pretty impressive flow increases. More on that later in this
chapter.

For now, just keep in mind this fundamenta guestion: When
you modify the engines does the increased air flow and in-
creased demand for fuel exceed the limits of the stock fuel-
injection system? If so, some fuel injection modifications may
be necessary and worthwhile.
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As for stock or only slightly modified engines, modifying the
injection system to get mare power is a different story. This is
where significant power gains are elusive, and wherg it is gasy
10 do more harm than good. Even the earliest, most basic
Bosch fuel-injection systems are precise and highly optimized,
especiaily when compared to carburetors. Decades of Robert
Bosch development expertise are not easy to improve on.

The systems are already very good at measuring intake air
fiow and precisely metering fuel. They adjust to changing
engine characteristics and compensate for different operating
conditions. The only real opportunity for gain —and small gain
at that—lies in fine-tuning the air-fuel mixture.

Air-Fuel Ratio and Performance

\s discussed in Chapter 2, all engines need a proper mix of
air and fuel to achieve compiete combustion. In gasocline en-
gines, this ideal {stoichiometric) air-fuel ratic 15 about 14.7:1 —
approximately 14 kg of air are required for complete, combus-
tion of 1 kg of gasoline. This ratio is also described as A
(lambda} = 1.

Fig. 4-1. For gasoline-fueled engnes. the most complete
combustion occurs at the igaai staichometag) air-
fuel ratio of about 14.7 1 {approximataly 14 kg air for
avery 1 kg fuel)

The stoichiometric ratio, however, is not necessarily the
optimum ratio for peak power or for minimum fuel consump-
tion. The graph in Fig. 4-2 shows the relationships between
power, fuel consumption, and air-fuel mixture. Peak power is
achieved with a slightly richer air-fuel mixture (when A is ap-
proximately 0.9). Minimum specific fuel consumption is
achieved with a slightly leaner mixture (when X is approximately
1.05).

The fuel-injection system is set up to operate in a narrow
range around what is approximately the stoichiometric air-fuel
ratio (A = 1). As the graph in Fig. 4.2 shows, this provides the
best compromise between maximum power output and mini-
mum fuel consumption. Most importantly, operating in this
narrow range is essential for minimizing exhaust emissions.

Rich Lean

ﬁ-..-_. .——’

Minimum fuel
consumption
.

08 Ao 1,05

Fig. 4-2. Power and specific fuel consumption both vary asa
function of air-fuel ratio.

in theory, itis possible to fine-tune the air-fuel mixture, either
to maximize power or to minimize fuel consumption. This is
tempting, of course, but take a closer look.

First, most systems already provide some kind of mixture
enrichment at fult throttle, so some of what you could hope to
gain by optimizing the mixture for maximum power is already
there.

Second, reconsider the curves on the graph. In the areas of
interest— near the maximum power point and the minimum fuel
consumption point —those curves are relatively flat. Even if the
system can be adjusted to deliver the perfect mixture (just at
the point of maximum power), the gain promises to be pretty
small. There are no huge amounts of horsepower to be un-
locked here! And if you miss and go too rich, its easy to end up
de-tuning instead of impraving! Of all the methods which try to
optimize the air-fuel mixture for peak power, the ones that
actually provide more gain than pain are likely to have exten-
sive dynamometer testing and road testing behind them.

A third important consideration for street cars is exhaust
emissions. On those cars equipped with & lambda sensor and
catalytic converter, the relatively clean exhaust resulting from
combustion at the stoichiometric ratio is necessary for proper
operation of the catalytic converter. For all cars, any significant
deviation from A =1 increases engine exhaust emissions dra-
matically. As the mixture becomes rich, hydrocarbons (HC) and
carbon monoxide (CQO) go up. As the mixture becomes lean,
oxides of nitrogen (NO,) increase very rapidly. See Fig. 4-3.

High Performance Basics
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Fig. 4-3. The stoichiometric air-kiel ratio (A =1), results in

most compiete combustion and rminimizes harmful
exhaust emissions when the engine has a cataytic
cenverter. Notice the-inevitable increase in exhaust
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System Basics

Ignition

Ancther performance factar that goes hand-in-hand with

fuel delivery is ignition timing. Conservative fuel mixture control

in the name of low exhaust emissions may alsc be accompanied

by conservative ignition timing curves, primarily because of
manufacturer’s concerns over the guality of available gasoline,

Many tuners of fuel-injected cars will advocate revised igni-
tion timing specifications to further unlock the performance
potential of revised fuel control. This is particularly true for
Motronic systems which control fuet defivery and ignition timing
in one electronic control unit,

Too much spark advance can bring on problems of its own.
The biggest danger is detonation. Modifications to the manu-
facturer’s ignition advance curve may make it necessary to use
only gascline of the highest available octane. In extreme cases,
youmay need to use an octane-boosting fuel additive. Be sure
to weigh the added expense and nuisance against the gains in
peak power,

Summary

The bottom line is this: From the factory, Bosch fuek-injection
and engine-management systems are optimized for the best
compromise ameng power, driveability, fuel econemy, and
exhaust emissions. Just “twiddfing the knobs” on the injection
system stands a good chance of just reducing power — or fuel
economy —and definitely threatens exhaust emissions, Only
when the engine's volumetric efficiency and breathing charac-
teristics are significantly changed will the fuel-injection system
really require major modifications, or be able to benefit from them.

5. SYSTEM BAsICS

Each of the Bosch fuekinjection systems covered in this
manual has its own unique features and characteristics, and
the strategies for modifying them are therefore different. 'l
describe the kinds of modifications which apply to each gen-
eral type of fuel-injection systern. I} begin by discussing the
general implicaticns of fambda control and the modification of
systems which retain a lambda sensor.

While I've included many possible modifications to Bosch
systems, this is by no means a complete list. I've tried to
describe the most popular medifications, and to give a cross-
section of the methods employed by experienced tuners. Their
efforts are not only interesting and exciting. They also provide
valuable insight into how the experts think about the problems,
and how they approach solving them. These insights, com-
bined with your knowledge of the system basics from the first
six chapters, should help you to decide which maodifications
hold promise for your application.

Some of these modifications are well-known and well-
tested. f can give you a fairly accurate idea of the resufts, if any,
that you might expect. For many others, the results are rmch
tess certain. F've described these modifications and the theo-
ries by which they are supposed to work. | make no recom-
mendations,
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5.2 Continuous Injection Systems

There is tremendous interest in high-performance modifica-
tion of the K-Jetronic family of systemns, mainly because many
of the most popular and affordable sporty cars being
“tweaked" by enthusiasts today were originally equipped with
K-~Jetronic. In fact, much of its popularity with enthusiasts rests
squarely with Volkswagen and the water-cooled four-cylinder
engine used in Rabbits, Sciroccos, Golfs, Jettas, and other
models. Other K-Jetronic applications, on cars such as Por-
sches and BMWs, have helped earn a good performance
reputation for the continuous injection systems,

Darrell Vittone at Techtonics is one of many Volkswagen
specialists with experience in the successful use of K-Jetronic
and K-lambda systems on modified engines. What that expe-
rience has shown is that these systems have air flow and fuel
metering capability that far exceeds what these engines require
in stock form, They wilk support considerable increases in air
flow resutting from engine modifications such as hotter cams,
low-restriction exhaust headers, cylinder head porting, and
other commen hot-rodding practices. While the exact limits are
hard to define, Darrell’s own estimates are that an unmodified
K~Jetronic system will adequately support the air flow and fuel
delivery requirements of a modified Volkswagen four-cylinder
engine producing as much as 170 horsepower.

This is a very impressive figure. It means that K-Jetronic
systems, in these Volkswagen engine appfications at least, can
handle perhaps 70% horsepower increases without modifica-
tions.

For all practical purposes then, virtually any streetable hot
rodding modifications are within the capabilites of the stock
systern, With modest boost levels, even forced induction is
within the limits of stock K~Jetronic,

Itis also interesting to note that because K-Jetronic injectors
are delivering fuel continuously, the injector design is simpler
than other types. This simplicity lends itselfto a more optimized
design. Bosch engineers have recognized this, and the injec-
tors developed for the continuous-flow systems have very
good fuel atomizing characteristic,

Seal ring connection

Directicnal
shield

Fig. 5-2. The constant fuel flow of continuous systermns aliows
less complex fuel injectors which are optimized for
best possible fuel atomization.
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Limitations

Of course, there are limits to the medifications that arg
compatible with continuous injection systems.

Radical camshaft timing is a problem, specifically long dy- 3 |
ration with radical overtap. The K-Jetronic air-flow sensor is a =~ §
sensitive and very responsive device, perfect for precise air -3
flow measurement within the relatively calm and consistart - §

intake-flow dynamics of an unmodified engine. But, a long.
duration camshatt at Jow rpm will reduce maniold vacuum and

cause all sorts of lazy, confused air pulsations in the intake-flow | :
path. These puisations will upset the air flow meter sensor plate :

and interfere with accurate fuel metering. Idle quality suffers,

perhaps drarmatically, and not until such an engine is revved - §

past perhaps 2000 rpm will it receive accurate fuel metering -
and begin to run smoothly.

Even if you can make your modified engine run somewhat
smoothly at fow rpm, it may still be necessary to make some
adjustment to idie mixture fo compensate for the altered intake
flow dynamics.

Mixture Adjustments

The only real adjustable elements of the stock systems are
idle mixture and, on K-basic and K-lambda, the system fuel
pressure. Some people have alsc experimented with altering
control pressure to make the fuel distributor respond more
quickly to air flow changes.

None of these adjustments is particularly well suited to
fine-tuning the fuel mixture at mid to high rpm, since any
change which is effective there brings with it a more dramatic
change at low rpm and idle. Thus, there are the usual side
effects of hard starting, poor driveability, higher fuel consump-
tion, and high exhaust emissions.

Competitors in the now defunct SCCA Rabbit/Bitstein Cup
racing series (for near-stock, Volkswagen Rabbit sedans
equipped with K-basic) used to carefully adjust the idle mixture
to a very rich setting—the serfes rules prohibited any real
modifications. The result was that the large enrichment in fuel
mixture at idle brought with it a smaller but meaningfut enrich-
ment at high rom, where itwould give a little more power. At idle
and at mederate engine speeds the cars ran very rich, but
for racing, the slight power increase made this trade-off
acceptable.

The same strategy might be useful in any race-only appli-
cation, as long as such out-of-factory-specification adjustments
are not prohibited by the rules. Remember though how easy it
is to overdo mixture adjustments and actually reduce peak
horsepower. Also consider that an overrich mixture will prob-
ably be harmful to mid-range torque, which can be as important
as peak horsepower in some racing applications.
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Modifications must always be approached with caution,
There is always a risk of making the car run worse. There may
also be a risk of causing permanent damage to the fuel system,
the engine, or other components. Carefully consider the basics
that you've learned from this book, what each modification
offers, and whether it is right for your particular car. i you have
doubts, it is always wise to seek the advice of knowledgable
tuners about your particular application.

5.1 Systems with Lambda Sensors

The assumption is that, in most cases, street-driven cars
which were originally equipped with lambda sensors (and
catalytic converters) are going to retain them, both for tegal
(emissions and inspection) reasons, and because of the drive-

1y and fuel economy advantages —their ability to continu-
ously fine-tune the air-fuel mixture to match different conditions.
The functicnal details of these systems are well covered in
other parts of this book. In the context of high-performance
modffications, however, there are some importart things to
remember.

The basic tuel-injection system meters fuel ta air in the best
proportions possible, based on its various inputs. In closed-
loop operation, the lambda system monitors the exhaust and
continuously makes additional fine adjustments to the air-fuel
mixture. The exceptions {open-loop coperation) occur during
warm-up when the lambda sensor is not yet up to operating
temperature and, in most systems, at full throtle when lambda
sensor control is bypassed in favor of a slightty enriched mixture.

Remember, even if the system is modified to make it capa-
ble of providing more fuel, the lambda-sensor system in
closed-loop cperation will still do just what it was designed to
do—continously adjust the air-fuel mixture to approach the
stoichiometric ratio, the narrow range around A = 1. In short, no

1, except (maybe) in open-loop operation at full throttie.

Normally, this self-correcting capability - automatically
keeping the mixture near the perfect stoichiometric ratio—is
very desirable. if minor system modifications make the mixture
a little too rich at low and mid-range rpm, the lambda-sensor
system in closed-ioop operation will tend to correct back to the
stoichiometric rato and preserve driveabiiity, exhaust emis-
sions contral, and fuel economy.

The problems come when fuet system modffications force
the system to the limits of its normal range of adjustment—
when the system which is constantly sensing an over-rich
mixture and constantly trying to adjust more lean reaches the
limits of its adjustment range. in such a case, the modifications
and the resulting rich mixture will override the iambda sensor's
ability to correct, and will wreak havoc on fuel economy, drive-
ability, and exhaust emissions,

This situation, which can even affect the performance and
driveability of unmodified engines with high mileage and wear,
is addressed in the very latest Bosch fuel-injection and engine-
management systems which feature adaptive control. Instead
of working within a fixed range of lambda controt parameters,
these systems are able to accurnulate data during operation
and adjust the center of their operating range according to the
needs of the individual car and conditions. Within the realm of
stock or mildly modified engines, this capability should elimi-
nate the problem of overriding the range of the lambda control.
For more specific information on those systerms which feature
adaptive control, see the information on systemn operation in
Chapter 3 (pulsed systerns) or Chapter 5 {continuous systems).

Rich
mixture
Less
C:.?UOI oxygen in
unt exhaust than
Increases ambyent air
fuel
Voltage Voltage
decreases increases
Same or Control
more axygen unit
in exhaust reduces
than ambient fuel
air
{ean
mixture
B200INT BCH

Fig. 5-1. In closed-loop operation, the lambda sensor sys-
tem will continously try to correct the air-fuel mixture
to a pre-programmed value —n¢ matter what mod-
ifications have been made o increase fuel delivery.

System Basics
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Mixture Enrichment

Autotech Sport Tuning offers a unique mixture enrichment
device for KE-Jetronic systems. With inputs from the coolant-
ternperature sensor, the ignition coil, and intake-manifold pres-
sure, this “black box” manipulates the signals to the fuel
distributor’s pressure actuator to modify fuef flow at high load
and high rpm. They ciaim a 5 to 7 horsepower gain at peak rpm
on stock or mildly modified engines.

The unit is not adjustable. The fuel enrichment characteris-
tics have to be calibrated prior to shipment for the specified
application. Several “standard" variations are available to
match different engine configurations.

L.oad-Sensitive Enrichment

Bosch makes several different types of control pressure
regulators, Some feature a hose connection to the intake man-
ifold and provide mixture enrichment {lower cantrol presstire)
as a function of increased manifold pressure. 've described
them in Chapter 5 and Chapter 6. They are widely instalied as
original equipment on mora expensive cars with continuous
injection systems. If your car lacks this refinement, you may
lock into replacing your control pressure regulator. You'li need
the specifications for control pressure vs. manifold pressure for
the unit you're installing, and you'll probably need to experi-
ment.

One interesting variation on the idea of boosting system fuel
pressure is the rising-rate fuel pressure regulater created by
Micro Dynamics. Instead of a fixed increase in system fuel
pressure which wilt yield enrichment under all operating con-
ditions — probably causing the system to be overrich at part-
throttle —this device boosts system fuel pressure only under
load, in response to changes in intake-manifold pressure.

stead of using intake-manifold pressure to alter control
pressure —as in a few K-Jetronic applications —this regulator
replaces the standard system pressure regulating valve in the
fuel distributor. The effect—load-sensitive mixture enrich-
rment—is the same, but with the Micro Dynamics reguilator the
“base” system pressure is externally adjustable. Under load,
increased manifold pressure acts on a diaphragm assembly in
the requlator to yield a proportional increase in system fuel
pressure. Since it works on Manifold Absclute Pressure (MAP),
the system also works under boost from forced induction
systems. In addition to providing tuneable load-sensitive en-
richment, the rising-rate requiator reportedly also improves
throttle response by reacting faster to the changes in load and
the demand for more fuel.

The smallest rising-rate fuel pressure regulator increases
fuel pressure v psi for every 1 psi increase in manifold pres-
sure. This ratio is not adjustable, but the unit is “dialed in" by
adjusting the base systern pressure. The smaliest size reguia-
tor is probably sufficient for most street applications, and incre-
mentally larger sizes are available for competition and other
more radical applications.

Fig. §-3. The Micro Dymanics rising-rate fuel pressure reg-
ulator replaces the system pressure reguiator on
continuous injection systems lo provide adjustable
load-sensitive ennchment and quicker throttle re-

sponse.

Tim Smith of Veloce Distributing, Micro Dynamics’ U.S.
distributor, says that the idea is to first select the correct size
requiator for the application (with Micro Dynarics’ help), then
fine-tune by adjusting the regulator pressure to delfiver the best
rixture in full load, high rpm situations. By selecting the correct
regulator and setting it up properly, the full-throttle, fuil-ioad fuet
roixture shouid benefit, and system pressure (and fuel mixture)
should be at near-stock levels the rest of the time.

On K-lambda systems, of course, the lambda sensor system
will cornpensate for any small mixture problems which might be
present in normal part-throttle driving.

Higher system fuel pressure may also be a safety concem.
With fuel lines and connections subjected to higher pressure,
there naturally is an increased risk of leaks or outright failure. To
ensure reliability, the standard Besch parts are rated for pres-
sures well above the normal operating range but, in theory at
least, significantty higher fuel pressures may be a source of
problems. Higher fuel pressure also places an increased de-
mand on the fuel pump. This may be a problem if the pump is
expected to cperate above its designed delivery pressure. Tim
suggests that sorme OEM fuel pumps may not be quite up to
the task of supporting higher fuel pressures, but that they have
had success using the pumps originally supplied on turbo-
charged cars such as the Saab Turbos.

Systermn Basics
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Ancther irteresting note: Tim also points out that, at least as
of this book’s publication date, the rising-rate regulator is a
legal modification in the Sports Car Club of America’s (SCCA')
improved Touring road racing cfasses for slightly medified
production cars,

5.3 Pulsed (EFI) Injection Systems

In pulsed injection systems, increased demand for air and
fuel in modified engines is complicated by the fact that there is
no direct mechanical relationship between air flow and fuel
metering. There is only the indirect, electronic relationship. Any
modification to such a system then, must either (1) alter the
inputs to the electronic control unit (ECU), (2) reprogram the
ECU to alter its outputs, or (3) make mechanical changes to get
different results from the ECU's output,

D-Jetronic

The D-Jetronic system is unique among Bosch systems in
that its ECU contrals fuel metering based primarily on intake
manifold pressure (as well as throttle position and engine rpm).
This is an early syster, a real improvernent over carburetors in
its day, but not nearly as precise and sophisticated as the
newer systemns. Thus, few tuners have been willing to commit
time and effort to unraveling the system'’s performance secrets,
ifany exist. Fewer still have had any real success. Most just give
up and bolt on carburetors for performance applications.
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Fig. 5-4. Bosch D-Jetronic fuel-infection system.

Aside from the questionable practices of boosting fuel pres-
sure or simply adjusting for a richer mixture — both of which will
have a mainly linear effect over the entire 'PM range - the only
“opportunity” for tuning D-Jetronic to a modified engine lies in
reprogramming the ECU to alter the way it meters fuel for a
given set of inputs. This is a complicated undertaking and,
once again, in this application very few tuners have ever
bothered.

L-Jetronic

The L~Jetronic fuel-injection system is more sophisticated
than the older D-Jetronic system. It offers fuel economy, emis-
sion control, and even performance advantages that make
carburetors a questionable choice.

System Basics

L-Jetronic system to run tean. In fact, the earliest L-Jetronic
cars, like most of their mid-1970s contemporaries, were already 3
onthe edge of being programmed to run too fean as they came *
from the factory (this changed with the later addition of lambda
control to L-Jetronic systems).

At first glance, it would seem that L-Jetronic—a sysfem
which actually measures air flow and proportionally meters
fuel —would be able to adapt. On a modified engine, it should
be able to measure the increased air flow and meter propor-
tionally greater amounts of fusl. Unfortunately, it's just not that
simple.

On stock engines equipped with L-Jetronic as originai
equipment, the air-flow sensor is most effective at low to mod-
erate engine speeds. Abaove 3500 to 4000 rpm, the sensor flap
has reaches the end of its travel. It is fully open at about the
point where maximum voiumetric efficiency is reached. Above
this rom point, air flow into.the engine per-stroke actually goes
down, so you don't want any more fuel for the mixture. In this
higher rom range, fuel delivery becomes a function of engine
rpm rather than air flow.

Fig. 5-5. Even on slock systems, L-Jetranic air-flow sensor
Hap is fully open at 3500 to 4000 rpm. At higher rpm,
it is no longer signalling increased air flow to the
ECU.

On a modified engine flowing more air through increased
volumetric efficiency, the systern should be able to measure
more air and deliver more fuel by lengthening pulse time
accordingly —up to its 3500 to 4000 rpm limit. But, above that
point, fuel defivery is controlled by the ECU's original program-
ming, and based primarily on engine rpm. The modified engine
may be flowing significantly more air, but the ECU has no way
of knowing. The result is leaner mixtures in the higher rpm
range,

Even if you could get the ECU to increase pulse time to
deliver more fuel to your modified engine, time is another factor
which will limit high-rprm fuel delivery. In Chapter 3, | showed
you how pulse period --the amount of time available in which to
open and close the injector with each pulse —gets smalier as
mm increases. Pulse time becomes a larger and farger pro-
portion of the smaller and smafler pulse period until, at peak
rpm, the injectors are open nearly all the time. Even if the ECU
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could be reprogrammed for increased pulse time and more

fuel delivery, there may simply be no more time available.

0

Fuel deitvery

10

Injector closed {pulse time)
80 20
70 20

IDLE

60 * 40

Alidle, the crankshafl rotates once in Yioth of a second,
or 100 ms. That's the pulse period. The injeclors open once
per revelution, for a pulse time of 5 ms.

Fuel delivery
{pulse time)
80
Injector closed
70
MID
RPM

At mid-rpm, say 3000, the crankshafl rolates i a 20 ms pulse
period. Full-load delivery for maximum torque at wide-open
throttle requires longer injection times than at maximum rpm
since at mid-rpm the engine takes in more air per stroke. But
a puise time of 18 ms easily fits into the 20 ms pulse period.

0 i
Fuel delivery
o 10 {pulse time)
Injector closed

80 20

70 30
MaX
RPM 60 40

Al maximum rpm, the crankshaft rotates once in Yiooth of a
second. Pulse period is now 10 ms; In 100 ms the crankshaft
rotales 10 times, and the injectors open ten times. if the
puise time is 8 ms, the injectors barely have time to close
belore they open again.

Fig. 5-6. Relation between pulse period and pulse time.
Each circle represents 100 milliseconds (Ve sec.).

increasing Fuel Delivery

For fuel delivery increases at mid-range to high rpm), there
remains one kind of solution: make mechanical changes to get
different results {more fuel) from the ECU's output. The most
popular methods are to increase system fuel pressure and to
install larger injectors.

One sure way to increase fuel defivery is to use higher
system pressure to pump more fuel through the injectors while
they are open. This is normally done by replacing the stock fuel
pressure regulator with an adjustable unit, A positive side-effect
of increased fuel pressure, almost a “free” benefit, is that
forcing the fuel through the same injector at higher pressure
also tends to improve fuel atorization. This wilt tend to improve
fuel distribution and combustion efficiency, and may contribute
to improved fuel economy.

The benefits of higher pressure are accompanied by some
additional concerns, the main one being safety. With fuet lines
and connections subjected to higher pressure, there naturaily
is an increased risk of leaks or outright failure, To ensure
reliability, the standard Bosch parts are rated for pressures weill
above the normal operating range but, in theory at least,
significantly higher fuei pressures may be a source of prob-
lemns. Migher fuel pressure also places an increased demand
on the fuel pump. This may be a problem if the pump is
expected to operate above its designed delivery pressure. In
some instances, fuel pump failures have occurred following
increases in fuel pressure on L-Jetronic systems to more than
about 4 bar {60 psi).

To achieve significant fuel delivery increases without ex-
tremely high fuel pressures, you may also want to instail larger
injectors. At near-stock fuel pressures, poorer fuel atormization
from larger injectors is a drawback, but a combination of larger
infectors and boosted fuel pressure can produce big fuel de-
livery gains with less of the potential for problems associated
with excessive fuel pressure.

Once more, however, this is no simpie fix. Increasing fuel
pressure or installing farger injectors will increase fuel delivery
throughout the engine’s entire operating range, even though it
is really only needed at high rpm. So, with modifications of this
type, a corresponding change must be made to maintain
correct air-fuel mixtures at the tow and middle rpm ranges,
either by (1) altering the inputs to the ECU —recalibrating the
air-flow sensor—or, (2) reprogramming the ECU to alter its
outputs (pulse time).

Recalibrating the Air-Flow sensor

The air-flow sensor translates the mechanical moverment of
the sensor flap into a proportional elecirical signal to the ECU.
The ECU uses this signal input as an indication of air flow to
help calcutate the correct fuel-injection pulse time.

System Basics
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From the factory, the relationship between the air-flow sen-
sor mechanism and the output signal (ECU input) is precisely
calibrated. By recalibrating the mechanism —tightening or ioos-
ening the return-spring tension on the air-flow sensor flap —this
refationship can be altered, Adjusting the spring tension will
resultin a smail adjustment of sensor flap position for any given
intake air flow, thus producing a greater or lesser signal to the
ECU and, therefore, a leaner or richer mixture —in the range up
to about 4000 rpm where the air-flow sensor is fully open.

Some very knowledgable independent tuners have had
success with this method, but remember that the air-flow sen-
sor is a sensitive, delicate device. Without knowing what you
are doing, it is easy to do more harm than good. You must
check the fine adjustments and their effects on mixture with an
engine exhaust analyzer. It is worth noting that Bosch does not
recommend or endorse any kind of adjustment to the internal
workings of the air-flow sensor.

Reprogramming the Electronics

As an alternative to recalibrating the air-fiow sensor, many
tuners choose to customize the ECU — alter the electronics 50
that the same inputs produce different output and different
injector pulse times. As you might guess, this kind of modifi-
cation requires a great deal of expertise and experience, and
probably long hours on the dynamometer as well.

Fig. 5-7. Dinan Engineenng offers this aftermarket EGU 1o
manage fuel delvery on highly modified. turbo-
charged BMWSs using targer fuel iniectors and in-
creased fuel pressure

For most of us, a discussion of electronics is primarily limited
to commercially available, aftermarket parts —a replacement
PROM (Programmabie Read-Only Memory) computer chip, or
perhaps an entire replacement ECU, The hardest part is know-
ing what you're getting.

System Basics

Unfortunately, it is very difficult to hoid a computer chip or
"black box™ in your hand and be able to tell what it can and
cannot do, or what the trade-offs or undesirable effects might -
be. There is plenty of opportunity for a small gain in one
area—full-throttie acceleration, for example — at the expense of
driveability, fuel economy, and exhaust emissions. Be skeptical.
Try 1o find out as much as possible about the product. Claims
may be nothing mere than claims. It's real results that count,

L.oad-Sensitive Enrichment

One interesting answer to the problem of a linear increase
in fuel pressure may be the Micro Dynamics rising-rate fuel
pressure regulator. Instead of raising the fuel pressure and
increasing injector flow regardless of operating conditions, this
device increases fuel pressure only when the engine is under
load. The regulator responds to changes in intake manifold
pressure.

The unit's "base” fuel pressure —the pressure which is
maintained under normal light-load or no-lcad conditions —is
externally adjustable. Under load, increased manifold pressure
acts on a diaphragm assembly in the regulator to yield a
proportional increase in fuel pressure. Since it responds 1o
manifold absolute pressure (MAP), this regulator also works
well with forced induction systems. In addition to providing
tuneable load-sensitive enrichment, the rising-rate regulator
reportedly also improves throttle response by reacting faster to
the changes in lvad and the demand for more fuel.

Fig. 5-8. Micro Dynarnics sising-rate fuel pressure reguiator
mslalled on a stock pulsed-miection system

The smaliest rising-rate fuel pressure regulator increases
fuel pressure V% psi for every 1 psi increase in manifold pres-
sure. Although this is simitar to the load-based increase pro-
vided by the original regulator, the point at which the pressure




TUNING FOR PERFORMANCE AND ECONOMY 15

increase begins on the Micro Dynamics unit is adjustable. For
more radical applications, units with higher ratios of fuel pres-
sure to manifold pressure are also available. Tim Smith of
veloce Distributing, Micro Dynamics” US distributor, says that
the idea is to first select the correct size regulator for the
application (with Micro Dynamics’ help), then fine-tune by ad-
justing the regulator prassure so that the injection system
delivers the best mixture in fuliload, high-rpm situations. With
the correct size regulator properly set up, full-throttle, fult-load
fuet mixture should benefit, and the rest of the time fuel pres-
sure should be at near-stock levels.

In most street applications, of course, the lambda sensor
system in closed-loop operation shoutd compensate for any
small pressure-related fuel mixture problems which may occur
during normal part-throttle driving.

LH-Jetronic

As discussed in Chapter 3, the sophisticated LH-Jetronic
system measures not simply the volume of the incoming air,
but the mass. This means that the system is much more
adaptable to changes in altitude and air density, and therefore
more precise over a wider range of operating conditions.

Unfortunately, the system's design works against its suc-
cessiul application to modified engines. The air-mass sensor is
not adjustable, so the siock systemn can properly respond only
to modest increases in air flow which are within the flow and
measurement capacity of the stock system.

Fig. 5-9. The scphisticated LH-Jetronic air mass sensor has
no moving parts which can be recalivrated for
applications with increased ar and fuet flow

For application to a modified engine, increased fuel delivery
is theoretically possible using the methods described above for
L-Jetronic — boosting fuet pressure andfor installing larger in-
jectors. With LH-Jetronic, however, there is no mechanical way
to compensate with revised control of fuel metering for low and
mid-range rpm. Any significant modifications to engine and fuel

delivery components would also require changes to the ECU
electronics.

Dennis Watkins of Wray Electronics in Seattle uses Bosch
LH-Jetronic hot-wire air-mass sensors in his custom-designed,
high-performance fuel-injection systems, in spite of the air-
mass sensor’s air flow limitations.

Instead of using the air-mass sensor to measure alt of the
intake air, he fabricates new hardware which uses the original
air-mass sensor to measure only part of the air. His customn
electronic controls are calibrated to make the necessary con-
versions and meter the correct amount of fuel for the actual
amount of air entering the engine.

Fig. 5-10, Wray Electronics cuslom air-mass sensor (leff)
compared o standard Bosch sensor. Wray sen-
sor flows more air and measures mass of only &
portion of that air.

Bosch has researched the use of a hot-wire air-mass sensor
measuring only a sample of the incoming air and concluded
that it is quite difficult to ensure the proportionality of the
measured sample to the total air mass. They have yet to enter
pracuction with such a system. Wray Electronics, however, has
had considerable success in competition applications, on en-
gines up to 1200 horsepower. This is a very innovative way to
apply the hot-wire air-mass sensing technoiogy of LH-Jetronic,
but making it work is probably way beyond the capabilities of
the average hot rodder.

Motronic

As described in more detail in Chapter 3, "Motronic” is a
term that actually applies to several distinct types of systems.
The original Motronic systems were evolved from L-Jetronic
fuel injection. You'll also now find Motronic systems based on
the LH-Jetronic and KE-Jetronic fuei-injection systems.

System Basics
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In general, the Motronic label refers to an engine-
management system—a fuekinjection systern which also in-
cludes electronic contral of ignition timing. In terms of mogdify-
ing fuel injection for increased fuel delivery to a modified
engine, the principles which apply to modification of the basic
fuelinjection system also generg'ly apply to the Motronic vari-
ations,

The major difference is in the electronics and in the controk
of ignition timing. Many aftermarket supgliers and tuners mod-
ffy ignition timing and timing advance curves along with the fusl
injection. In the case of the basic fuel-injection systems, these
are separate functions and modifications have o be made
separately. In a Motronic system, fuel delivery and ignition are
controlted together. For Motronic applications, most efforts at
reprogramming the electronics (substituting PROMs) make
changes to fuel delivery and ignition timing together.

6. AIR FLOW IMPROVEMENTS

Generally speaking, there is little to be gained in the way of
intake air flow improvements on Bosch systems. But, for highiy
modified engines demanding significant increases in inlet air
flow, there are some possibilities.

6.1 Continuous Injection Systems

The beauty of the continuous injection systemis that the fus|
metering unit—the combined air-flow sensor and fusi distribu-
tor—is a self-contained, hydro-mechanica system. Unless the
system has been worn out, contaminated, or tampered with,
accurate air flow measurement and fuel metering is pretty well
guaranteed.

t have already discussed how continuous systems adapt to
increases in air flow. If even more air fiow capacity is required,
one possible solution is to install the larger capacity OEM
metering unit from a larger engine application. You should keep
in mind that using a big metering unit on an engine that is
smaller than its intended appiication may cause some low-
speed driveability problems, much the same way that installing
big carburetors can. At low rpm, the larger available flow path
causes air flow velocity to be reduced. In extreme cases, flow
velocity at fow rpm may be so low as to impair the accuracy of
the fuel metering.

For less modified engines whose air flow reguirements are
within the capabilities of the stock system, the foltowing mod-
ffications are poputar.

Air-Flow Sensors

There is no real need to go to a larger air-flow sensor to
increase flow capacity, but it may be that similar cars of different
model years were fitted with different hardware. The classic
example is 1980 to 1983 Volkswagen Rabbits with 1.6 and 1.7
lter engines. They were originally equipped with 60 mm air-flow
sensors, while both earlier and later models came with 80 mm

Air Flow Improvements

paits. Inthis case, changing to the larger air-flow serisor seems
like a sensible, low-risk move, and the decreased restriction

may be worth a slight high-rpm power gain,

Fig. 6-1. Different K-Jetronic metering units may feature dif-
ferent size air-llow sensors. 60 mm sensor {ieft) was
standard equipment on 1980~1983 1.6 and 1.7 fiter
Volkswagen Rabbits, while 8¢ mm sensor {right)
was standard on 1977-1979 Rabbits and 1983 and
1984 Ratbit GTI.

Throttle Valves

There are a number of larger-than-stack throttle valves on
the market. Believable dynamometer test results indicate that
the increases are less than spectacular. In any case, the engine
is only going to take in as much air as it can, The Gains can only
come from the slight reductions in intake restriction.

Simply bolting a farger valve onto an unmodified intake
manifold yields very small gains, perhaps one or two horse-
power at peak rpm. A more involved installation which includes
machining the manifold to match the shape of the new valve
might be worth as much as three horsepower. Cutting out the
booster venturi on the primary side of early K-Jetronic throttle
valves has proven to be worth less than one horsepower,
Remember, Bosch is alreacdly pretty good at this stuff,

Replacing a stock, two-stage progressive throttle valve with
a large, single-throat design has similar limitations, and also
has the biggest drawbacks in terms of reduced flow velocity
and potential driveability effects at idle and part-throttle.

s
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Fig. 6-2, Throltle valves. Rabbit throttle valve modified by
Techionics {top right} shows negligible power gains
compared to stock Rabbit throttle vaive {lop left).
Aftermarket throttle valve (lower right} makes ciaims
which are not supported by dynamometer tesl re-
sults. Large single bore throttle valve (lower left)
offers some gain at high rpm due to larger area, but
will probably cause driveability problems, especially
on modified engines.

6.2 L-Jefronic Systems

s 1 discussed earlier, the L~Jetronic systems at high rpm
are limited more by available injection pulse time than by air
flow restriction. Only a highly modified engine would stand any
chance of benefiting from larger intake air-flow components.

Fitting a larger air-flow sensor which was designed for the
greater air flow of a larger engine might increase the system’s
air flow capacity and marginally reduce intake restriction, but
there are other important considerations.

Depending on the application, the throttie valve may actually
be the more restrictive component. Compare the cross-
sectional area of the fully open air-flow sensor with that of the
fully open throttie valve. If the throttle valve has substantially
less cross-sectional area, adding a big air-flow sensor alone
wor't have much- effect.

ff a bigger air-flow sensor still seems like a good idea,
remember the relationship of the air-flow sensor to the ECU.
The air-flow sensor influences fuel metering only by its electri-
cal signal to the ECU. A different air-flow sensor will send
different signals. Such a swap will probably require recalibra-
tion of the sensor mechanism, reprogramming of the ECU, or
both. Even then, it may be difficult to restore proper low-and
mid-range performance and driveability. This is a big, compli-
cated step,

Fig. 6-3. L-Jetronic air-flow sensors have different sizes, flow
capacities, and calibrations for different applica-
hions. They are not interchangeable without other
system changes.

7. KNOCK SENSOR

Although a knock sensor is not strictly a fuel-injection com-
ponent, its advantages and benefits bear mention. A knock
sensor systerm uses a simple sensor mounted to the side of the
engine block to detect harmful detonation in the combustion
chambers. When it does, the system retards ignition timing in
small increments until the detonation ceases. |t constantly
adjusts to allow the engine to run with as much ignition ad-
vance as possibie without detonation,

LR
lIE‘IIIIIlIH

|
IE

[N
llillll

i
I

i

{

Fig. 7-1. A knock sensor mounted o the engine biock de-
tects harmful detonation in the combustion cham-
bers, and signals the knock-sensor controt unit to
retard ignition timing in small steps until detonation
SIOPS.

Knock Sensor
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Many of the newer cars equipped with Bosch fuel injection
also have knock-sensor systems. If not, instaliation of an after-
market system to a car with manuaily adjustable ignition timing
can be a big improvement, Free of the need to guard against
detonation, the add-on closed-ioop control of spark advance
allows you to oplimize basic ignitiors Eming for maximum
power. The ignition system can be set up so that maximum
spark advance is close to the point of fight detonation —the
most efficient power point -- without the need for fudge-factors
and retarded timing that may be required by open-ioop ignition
timing.

With a knock-sensor system, there is actually some advan-
tage to buying higher octane gasoline. The better fuel is more
resistant to detonation, and the knock-sensor systemn will allow
more spark advance for more power.

8. TRICKS

So much for the sensible, holistic approach to fuel injection
modifications. In this section, I'll discuss some of the tricks
which are most often tried in an attemptto get more power from
fuel-injected engines.

8.1 Cold-Start Injector

Considering that the cold-start injector always has fuel pres-
sure when the engine (or more correctly, the fuel pump} is
running, it is a readily available source of extra fuel. In normal
operation, the circuit is powered continously. The cold-start
injector admits extra fuel into the intake manifold for starting
when the ground side of the circuit is complete to ground,
Some manufacturers use a pulse system to inject extra fuel for
hot starts as well. One poputar idea is to hook Up an auxiliary-
pulse system to the cold-start injector so that it would supply
addtitional fuel on dernand, under fuil-throttle acceleration for
example,

Flg. B-1. The coid-start injecter is similar to an additional
{solencid-type} fuef injector. In theory, you can use
it 1o provide additional fuel; how successhul this
tactic might be is debatable,

Tricks

As | mentioned earfier in this chapter, the problem with
using the cold-start injector for extra fuel is that it was never
designed for this kind of continuous use in a warm engine. it
adds fuel from a single location in the intake manifold. Atomi.
zation is poor. In some applications, the location of the cold-
start injector causes fue! distribution problems, Thus, the result
can be widely varying mixtures in different cylinders~causing
real problems under load at full throttle.

8.2 Fooling the Computer

fn some cases, the fuel-injection system has plenty of extra :
fuel capacity, The trick is in getting it to deliver a slightly richer
mixture. There are a number of “tricks” which, in theory, ma.

nipulate inputs to foal the ECU into calling for a richer mixture, &

Coolant Temperature Sensor

Sorne fuel-injection systems use the variabie resistance ofa
coolant-temperature sensor as an input to the ECU. At lower
temperatures, the sensor’s higher resistance signals the ECU
to cal! for more fuel. The theory is that adding resistance to this
circuit will trick the ECU into thinking the engine is cold and that
enrichment is needed. The neat way to do this is with a variable,
perhaps driver-controlled, resistance.

There is a potential problem. Some ECUs are programmed
to ignore sudden changes in the resistance of the coolant
temperature sensor circuit. Instead of enriching the mixture, a
radical change in resistance might cause the ECU to revert to
memary and simply operate based on its last “normal” tem-
perature signal. When using a systemn with variable resistance,
changes to the resistance should aiways be made with the
ignition off,

A variation of coolant-temperature sensor enrichment is
offered in kit form by Light Performance Works in Michigan. The
Full Throttle Fuel Contro! (FTFC) kit operates only at full throttie,
0 that there is no enrichment at idle or part throttle. in theory,
this should keep emissions from being affected except at full
throttle (remember, it may still be technically considerad illegal
tampering). The driver-adjustable systern gives a claimed two-
horsepower gain on an eight-valve (KE~Jetronic) Volkswagen
GTI.

Last but not least, the big caution in a set-up like this is to
watch for too much enrichment on cars equipped with catalytic
converters. Too much fuet will send converter temperatures
soaring —in some circumstances high enough to light the car
on fire!
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Lower-Temperature Thermostat

This is not a terrific idea. Most engines are designed to
operate with a coolant temperature of around 200°F (95°C).
Unfortunately, the lower temperature is also going to reduce
power, increase cylinder wall wear and, in cold climates, affect
driveability. The gains are small. it's better to pass on this one.

8.3 More K-Jetronic Tricks
A couple of additional items apply to K-systems in particular.

Eliminating Air Intake Heating

g idea here is to make K-Jetronic systems run better by
rew .ng the temperature of the intake air, thus filling the
cylinders with cooler, denser air for more power.

Unfortunately, the benefits to cold weather driveability from
leaving the air-intake system intact tend to outweigh any small
gain fo be had by removing it.

Fuel Shut-Off

Volkswagen engines with KE-Jetronic have a fuel shut-off
faature in the EGU which cuts off the fuel supply at 6200 to 6300
rpm. Installing the ECU from a 16-valve model will move the fuel
cut-off point to about 7300 rpm.

8.4 Add-On Injectors

One unique approach to providing needed fuei enrichment
to modified engines is to forget about modifying the existing
fuel system altogether, and add a separate systemn with the
carability to meter additional fuel. This is the approach taken by
M Dynamics with their Petrol Injection Controt (PIC) sys-
tems.

The PIC systems employ an additional sotencid-type,
pulsed fuel injector, usually mounted in the intake manifold
near the throttle valve. In some applications, this extra injector
can use the mounting point for the existing cold-start injector.

The basic system, PIC8, meters fuel based on a signal from
a pre-set manifold-pressure switch or a ful-throttle position
switch, and engine rpm, The system is adjustable using a
calibration screw on the front panet! so that the amount of the
extra fuel delivered (the pulse time of the extra injector) can be
fine-tuned. The more sophisticated PIC7 system adds a throttle
position sensor and manifold absolute pressure (MAP) sensor.
The result is a separate fuel delivery system which can be
calibrated to deliver the right amount of extra fuel for a modified
engine, and provide significantly improved throttie response.

19

Fig. 8-2. Add-on fuel ennchment systemn from Micro Dynam-
ics uses an extra injector 10 provide fuet enrichment
based on engine rpm and 'oad

9. RACING APPLICATIONS

At almost any major racing event these days, the starting
grid is filted with race cars prominently displaying the Bosch
name. What fuel systems are they using, and can they be used
in other applications? Of course, the really exotic GT prototypes
use highly specialized, custom-designed systems that most of
us could never afford. But, interestingly, a surprising nurnber of
cars using Bosch fuet injection in competition are using the
same, mass-produced, street-style systems covered in this
book. Mere is a brief look at a few racing applications of Bosch
fuel injection.

Production-Based Racing Classes

The Sports Car Club of America (SCCA} and the Inierna-
tional Motor Sports Association (IMSA) organize a variety of
amateur and professional everts for what are essentially pro-
duction cars. The car preparation ruies are very restrictive,
sometimes limited only to the addition of required safety equip-
ment, Even under the aggressive race conditions that these
cars endure, some for as much as twenty-four hours at a time,
they are racing and winning with standard production-type
Bosch fuel injection.

One example is the Volkswagen Goffs racing in the Pro
Stock class of the IMSA International Sedan series, equipped
with stock KE-Jetronic fuel injection. Muffters and catalytic
converters are removed, and the teams tune with CO meters—
not to monitor emissions per se, but simply as a way to monitor
the air-fuel mixture.

Racing Applications
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They measure the KE-Jetronic pressure actuator current
and set the idle mixture at the air-flow sensor, as in the factory
procedure, except that they like to change the recommended
10 mA apen-loop setting at idle to a more lean B mA, The idea
seermns to be that starting with the lean adjustment causes the
lambda sensor system to call for more fuel than if it were
starting from 10mA. Of course, if you tried this lactic in a street
car the lean operation at the low end of the rpm range would
probably result in serious driveability problems.

Fig. 8-1. Tris Volkswagen Goif compelilor in the IMSA Inter-
national Sedan series uses a carbon monoxide
{CO) meler io fine-lune the idke mixture of the stock
KE-Jetronic fuel mection system,

Fig. 82, Fine-tuning this race car's KE-Jetronic system fol-
lows the iactory procedure of reading pressure
actualor current The paper-cip connectors {arrow)
are nol factory-recommended., but they seem to do
the job! {Beware of connector and terminal dam-
age)

Racing Applications

Formula Cars

A popular movernent in many forms of racing in recent years
has been the creation of "'spec” classes, where all competitors
are required to use the same engines, and often the same
chassis, as a way of equalizing competition and reducing costs,
One such “spec” class car is the open-whee single-seater
used in the Skip Barber Saab Pro Serigs.

Fig. 9-3. The Barber Saab Fro Series cars are an exampie of
& "spec” class where all competitors use the sarme
production-based powerplant.

These cars all use stock production Saab 16-valve Turbo
engines equipped with LH-Jetronic. The only change from the
stock set-up is that the systerns operate open-loop without
Lambda control, and allowable turbocharger boost is in-
creased slightly to abcut 1 bar (14 psi}. The LMH-Jetranic fuel
injection system is stock, ’

Fig. 9-4. The engine cover of this exotic looking race car
hides a stock. turbocharged Saab engine equipped
with Bosch LH-Jetronic fuel injection.
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Fig. 9-5. The Barber Saabs few engine modificatons in-
clude this free-flow ar fiter. Other than running
open-lcop — No oxygen sensor -- and sightly higher
turbocharger boost, the cars use stock production
LH-Jetronic fuelinecton systems

GT Prototypes and Formula 1

For the mega-doliar teams competing with the world's most
exotic cars, Bosch makes available sophisticated, race-onty
fuel injection and engine-management systems. The costs are
high—astronomical, in fact—but the fundamental operating
principles would still be very familiar to anyone with a basic
knowtedge of Bosch production-car injection systems.

Fig. 9-6. Porsche is a prime user of Bosch's most advanced
fuel management expertise. Shown here is one
example of the very successiul model 862 GT Pro-

totype

The biggest differences are in the electronics. An ECU might
cost $20,000, and it might have five different Erasable Program-
mable Read Oniy Memory {(EPROM) chips. In addition, most
top teams use different EPROMS to specifically tailor the en-
gine's characteristics for unigue race condgions or track fea-
tures —fuel economy for endurance races, top-end power for
extra long straights. etc.

Fig. 9-8. Tusn control unis i this GTP car operate twin sets
of #ReClors

Even in the win-at-any-price worid of international motors-
ports, many of the most successful teams turn the engine-
management chores over to Bosch. They know that Bosch has
the experience and the technical expertise to deliver results.

Racing Applications
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10. RADICAL INJECTION SYSTEMS

As Mercedes race engineers found out in the 1950s with
their mechanical direct-injection systems, the precise manage-
ment of fuel defivery made possible by fue! injection offers the
potential for squeezing all the power possible out of a particular
engine design. For this reason, new and more creative meth-
ods are being developed all the time. I've described a few of the
more interesting ones are below.

Dual K-Jetronic

As this is written, Darrell Vittone at Techtonics talks of a
turbocharged, 400+ horsepower Volkswagen Scirocco being
built in his Riverside, California shop for top-speed runs at
Bonneville. The car is designed to use two K-Jetronic systems,
working together to satisfy the air flow demands of the big
breathing engine. The elegance of such a set-up is that all of
the smooth running, driveability, and precise fuel metering of
the Bosch-built system are retained, while the air flow and fuel
delivery capacity for high-speed, high-boost conditions is ap-
proximately doubiled.

This idea is a natural for such high-output applications, In
fact, some European manufacturers have equipped their high
horsepower V-8 and V-12 supercars with dual K-Jetronic sys-
tems as an off-the-shelf way to satisfy a big engine’s require-
ments for performance, driveability, and exhaust emission con-
trol,

User-Programmable Fuel Injection

In nearly alt facets of life, the micro-electronics revolution is
firmly established and marching along at a fantastic rate. More
and more every day, the vast capabilities of computers and
software are becoming less mysterious and more accessible to
the end user. Nowhere is this more true than in the field of
electronic engine managemaent.

The Haltech system which is available from Cartech, a
turbocharging specialist firm in Dallas, Texas, is an ECU that
can be cormpletely custom-programed using a personal com-
puter (PC). it includes the programmable ECU, a complete
wiring harness, air and coolant temperature sensors, and a
throttle-pasition sensor. it can be used with the stock throttle
body and fuel injectors. An air-flow sensor is not required,
allowing some reduction of intake-air flow restriction.

The system, which allows precise tailoring of the fuel deliv-
ery “map” as a function of engine rom and manifold pressure,
is almost infinitely tuneable. Thanks to easily understood, user-
friendly software, programming the system is refatively simple.

Corky Bell of Cartech describes running the car on a chas-
sis dynamometer to create the necessary rpm and load con-
ditions, and then programming the system for each set of
conditions using a PC connected to the ECU in the shop.
Reports are that a very good, workable set-up can be pro-
grammed this way in about an hour. Corky even suggests the
possibility of hooking up to a lap-top PC and fine-tuning the
system in the carl

Radical Injection Systems

Of course, with a vast number of programming choices,
there are also a nearly infinite number of opportunities for
mistakes. This is a simple system to use, but some tuning
expertise is necessary in order to know what the engine's
requirements are and to use the system wall. Aithough it is

perhaps a litle out of reach of the average backyard do- &

it-yourselfer, this system would seem 1o offer almost unlimited
potential for & knowledgable and talented tuner to program a
fuel injection system to suit any application.

Real-Time Digital Fuel Injection

Micro Dynamics’ Extended Patrol Injection Control (EPIC) is
a digital fuel-injection controiler that, rather than metering fuel
according to a pre-programmed mag, uses sensor inputs and
adjustable calibration factors to continuously calculate the
amount of fuel needed. Inputs include manifold absolute pres-
sure (MAP), engine rpm, and throttle position. The EPIC system
recognizes not orly the input signal values, but also the rate of
change of those input signals.

The system depends on manifold pressure for its load
indication, rather than an air flow sensor. The theory is that by
analyzing the input signals’ rate of change, and operating
without an air flow sensor, the system can respond with fuef
delivery adjustments more quickly. But remember that the
Bosch ECU responds very quickly too, plenty quickly for any
street application.

Fig. 10-1. Micro Dynamics’ Extended Pelrol injection Control
(EPIC) is a fully adjustable digital fusl-injection
ECU that calcutates fuel metenng requirements
instead of refernng to a programmed “map” of
fuel delivary parameters,

Adjusting pctentiometers in the ECU allows the system to
be calibrated for the unique requirements of any application or
operating condition. The system has been used with great
success in Europe on, among others, the wild Group B MG
Metro 6R4 rally car, the Lancia Delta Group A factory raliy cars,
the Rothman's Ford Sierra Cosworths in both rallying and the
World Touring Car Championship, and a rumber of Formula 3
cars.
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11. IN CONCLUSION

This chapter has presented a broad spectrum of ideas on
the high-performance application of Bosch fuel-injection sys-
tems and on modification of those systems. The subjects have
ranged from inexpensive modifications to street cars to ex-
wemely expensive custom electronic controls made for racing.

The fundamental messages of the chapter are these:

1. In the quest for more power, increased efficiency, or
better fuel economy, the stock fuel-injection system is not
necessarily the weak link. Sometimes the stock systemis
the best systemn, considering the limitations of the engine
and the needs of the driver.

. There are no “demon tweaks” which can miraculously
unlock vast amounts of horsepower, The need for fuel-
injection system modifications depends directly on the
needs of the engine. it all comes down to whether the
needs of the engine exceed the capabilities of the injec-
tion system.

3. There is no substitute for knowledge - knowledge of the
engine’s requirements, knowledge of the fuel-injection
system's limitations, and an understanding of the real
effects of modifications. Fve devoted the first six chapters
to describing the detailed functions of each Bosch fuel-
injecticn system. Thorough understanding of these func-
tions will be the first and most important step in figuring
out what adjustments and modifications will pay off for
your car and your individual needs.

12. SUPPLIERS

‘provide the following list of suppliers to give you a starting
point for investigation of possible modifications to your systerm.
Again, | list these without making any particular judgements
about their merits.

Autotech {H&r Technologie}

1800 N. Glassell Street

Orange, CA 92665

(714) 9744600

{800) 553-1055 {orders only)

Load-and rpm-sensitive enrichment module for KE-Jetronic.

AuteThority, Inc.

3763 Pickett Road

Fairfax, VA 22031

{703} 323-7830

EPROMSs for Motronic systems {Porsche)

Cartech

11212 Goadnight Ln.

#200

Dalias, TX 75229

(214) 620-0389

Haftech user-programmable fuel-injection computer

Dinan Engineering, Inc.

81 Pioneer Way

Mountain View, CA 94041

(415) 962-9417

t~Jetronic based Turbotronics Il fuel injection

Hypertech, Inc.

2104 Hillshire Cr.

Memphis, TN 38133

(801) 382-8888

Replacement PROMs for Bosch Motronic

Light Performance Works

3805 North Jefferson Road

Midland, M| 48640

(517) 835-2389

Full-Throttle Fuel Control for KE-Jetronic

Motec Systems USA

5692 Buckingham Drive

Huntington Beach CA 92647

{714) B97-5821

{714) 897-8782 FAX

User-programmable engine management systems fuet
system components and intake manifolds

Techtonics Tuning

1283 West La Cadena Drive
Riverside, CA 82501

(714) 788-4116

Veloce Distributing (Micro Dynamics)

5003 South Genesee Street

Seatle, WA 98118

(206} 725-6561

Rising-rate fuel-pressure regulators Petrol Injection Control
{PIC) add-on injector systems Extended Petrol Injection Control
{EPIC) digital controller for fuel injection systems

Wray Electronics

Seatile, WA
(206) 781-1823

Suppliers
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Table 1. SAE terms for fuel injection and other systems, and Bosch equivalents (where applicable)

SAE abbreviation Component or system Bosch term
ACS Air Conditioning Sensor
AFS Alr Flow Sensor
AR Secondary Air Injection
BARO Barometric Absolute Pressure Sensor
CAC Charge Air Cooler intercocler
CFC Coolant Fan Controf
Cis Continuous Injection System K~Jetronic, KE~Jetronic
Cct Closed Loop
CPS Crankshaft Position Sensor TDC (reference mark} Sensor
DLC Data Link Connector
Dit DistributorLess Ignition
oTC Diagnostic Troubie Codes
ECTS Engine Coolant Temperature Sensor
Evap Fuel Evaporative Systern
FPR Fuel Purmp Relay
HO28 Heated Oxygen Sensor (bypass) Lambda Sensor (heated}
I1ACY intake Air Control Valve Idle-Speed Stabilizer
IATS intake Air Temperature Sensor Air Temp Sensor, Temp |
KS Kriock Sensor
MAP Manifold Absolute Pressure Sensor Pressure Sensor
MPI MultiPoint Electrortic Fuel Injection
MVS Manifold Vacuum Sensor
oBD On-Board Diagnostics
oL Open Loop
Qz2s Oxygen Sensor Lambda Sensor
PCME Powertrain Control Module ECU
PNS Park Neutral Switch
SMPI Sequential MultiPoint EFI
TCC Transaxle Converter Clutch Switch
TGSS Transaxle Gear Selection Switch
TPS Throttle Position Sensor
TWC Three-Way Catalyst
VES] Vehicle Speed Sensor
WOTS Wide-Open Throttle Switch
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Table 2. Pressure Conversion Table

Bar kPa psi in.Hg.
6.0 800 87.0

59 590 85.5

5.8 580 84.0

5.7 570 825

5.6 560 81.0

5.5 550 79.0

5.4 540 78.5

5.3 530 77.0

5.2 520 755

5.1 510 73.5

5.0 500 72,5

4.9 4380 , 71.0

4.8 480 69.5

4.7 470 68,0

4.6 480 66.5

45 450 B5.5

4.4 440 64.0

4.3 430 62.5

4.2 . 420 61.0

4.1 410 59.5

4.0 400 58.0

39 380 56.8

3.8 380 55.0

3.7 370 53.5

36 360 52.0

3.5 350 51.0

3.4 340 495

3.3 330 48.0

3.2 320 46.5

3.1 310 450

3.0 300 43.5

2.8 280 42.0

2.8 280 40.5

27 270 39.0

2.6 260 375

2.5 250 36.5

2.4 240 35.0

23 . 230 335

2.2 220 32.0

2.1 210 305

2.0 200 23.0

1.9 180 27.5

1.8 180 26.0

1.7 170 248

1.8 160 23.0

1.5 150 220

14 140 205

1.3 130 9.0

12 120 17.5 35.90
1.1 110 16.0 32.91
1.0} 100 145 29,92
0.9 90 13.0 26.93
0.8 80 115 23.94
0.7 70 10.0 2084
0.6 €0 9.0 17.95
0.5 80 75 14.96
0.4 40 8.0 11.97
0.3 30 4.5 8.98
0.2 20 3.0 508
C.1 10 1.5 2,09
0.0 0 0.0 0.0

! Atmospheric pressure at sea level. Atmospheric pressure at Denver, CO,
aititude 5000 feet: 0.83 bar,




Glossary

Absolute Pressure. Pressure measured from the point of total
vacuum. For example, absolute atmospheric pres-
sure at sea level is 14.5 psi (1 bar).

Actuator. (See Pressure Actuator)

Actuator Fuel. Fuel flow through the lower chambers of the
KE-Jetronic fuel distributor, regulated by the Pressure
Actuator.

Adaptive Control. The ability of the control unit to adapt
closed-loop control to changing operating conditions
such as engine wear, fuel guality, or altitude to im-
prove control of the air-fuel ratio, ignition timing, oridie
rpm. Sometimes referred to as self-learning.

Advance. {See Ignition Advance/Retard}

AFC. Air-Flow Controfled, an early term for Bosch pulsed in-
jection systems, particularly L-Jetronic to distinguish it
from D-Jetronic.

Air-Flow Meter. In pulsed injection, a device that measures
the amount of air the engine is using, to indicate load.
The L-Jetronic air-flow sensor and the LH-Jetronic
air-mass sensor are exampies of air-flow meters.

Air-Flow Sensor. Device used to measure the volume of air
drawn into the engine. Volume measurements must
be corrected for density {temperature and altitude are
factors) to determine the necessary fuel quantity to be
injected. See also Air-Mass Sensor.

Air-Fuel Ratio. The amount of air compared to the amount of
fuel in the air-fuel mixture, almost always expressed in
terms of mass. See also Stoichiometric Ratio,

Air-Mass Sensor. An air-flow sensor that uses changing re-
sistance of a heated wire in the intake air stream {o
measure the mass of the air drawn into the engine.
Alsa called a Hot-Wire Sensor, See also Air-Fiow
Sensor,

Alr Vane. The irternal part of an L-Jetrenic or Motronic air-flow
sensor that moves in proportion ta the amount of air
flowing in to the engine.

Ambient Temperature. The temperature of the surrounding
air.

Ampere (Amps). A measure of current flow. See also Milliam-
pere (MA)}.
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Atmospheric Pressure. Normal pressure in the surrounding
atmosphere, generated by the weight of the air above
us pressing down. At sea level, in average weather
conditions, atrnospheric pressure is approximately 1
bar (about 14.5 psi) above vacuum or zero absolute
pressure. See also Barometric Pressure.

Auxiliary Air Valve. A device to provide air to bypass a closed
throttle during start and warm-up.

Bar. Metric unit of pressure measurement, used in the mea-
surement of both air and fuel. One bar is approxi-
mately 14.5 psi, or 100 kPa.

Barometric Pressure. Another term for atmospheric pres-
sure. Expressed in inches of Mercury (in.Hg.): how
high atmospheric pressure {relative to zero absolute
pressure) forces Mercury up a giass tube. 14.5 psi =
29.92 inHg. See also Atmospheric Pressure.

Basic Fue! Quantity. In pulsed injection systems, the fuel
quantity injected based only on engine rpm and load.
This basic guantity is then adjusted to compensate for
various operating conditions,

Basic Metering. In continuous systems, the amount of fuel
delivered to the injectors by the lift of the sensor plate
and control plunger by the incoming air fiow. This
basic fuel quantity is then adjusted by the control
system to compensate for various operating condi-
tions.

Bimetal. Usually a spring or strip made of two metals with
different heat expansion rates, Heat causes the bi-
metal to bend or twist.

Blow-by. Unburned fuel and air, combustion by-praducts, and
combustion gases that get past the piston rings into
the crankcase.

Boost. Condition of over-pressure {above atmospheric) in the
intake manifold; caused by intake air being forced in
by a turbocharger or supercharger.

Bypass. A channel that permits passage (usually of ain
around a closed valve such as the throttle valve.

Catalyst. Material that starts or speeds up a chemical reaction
without being consumed itsel. The metal coatings
inside a catalytic converter.

Catalytic Converter. Device mounted in the exhaust system
that converts harmful exhaust emissions into harm-
less gases. Works by catalytic action which promotes
additional chernical reaction after combustion.

CIS. Continuous Injection System
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CIS-E. Continuous Injection System-Electronic

Closed-Loop Control. A feedback system that maintains a
prescribed limit in another systemn by menitoring the
output of that system. For exampie, the lambda con-
trol system controls the air-fuel ratio by monitoring the
Oxygen comtent of the exhaust gas, which is the prod-
uct of the air-fuel ratig.

CO. Carbon Monoxide. One of the harmfut gases produced by
combustion. CO in the exhaust is measured during a
tune-up as an indication of combustion efficiency.

Cold-Start. Starting the engine when it is cold; when the
engine has not run for several hours.

Cold-Start Injector. Solenoid-operated injector used to inject
additional fuel during cold-engine starting. Mounted
in the intake manifold. Aiso called the Cold-Start
Valve.

Cold-Start Valve. (See Cold-Start injector)

Combustion, Controlled, rapid burning of the air-fuel mixture
in the engine's cylinders.

Combustion Chamber. Space left between the cylinder head
and the top of the piston at TDC: where combustion
of the air-fuel mixture takes place.

Combustion Knock. (See Knock)

Compression Ratio. The ratio of maximum engine cylinder
volume (when the piston is at the bottorr of its stroke)
to minimum engine cyfinder volume (with the piston
at TDC). Thus, the theoretical amount that the air-fuel
mixture is compressed in the cylinder.

Continuous Injection. Type of injection in which fuel flows
from the injectors all the time while the engine is
running. Fuel is metered at the mixture-control unit,

Continuous Injection Systems. (K-Jetronic, K-Jetronic with
Larmbda Contral, KE-~Jetronic, KE-Motronic)

Continuity. Littfe or no resistance in an electrical circuit to the
flow of current. A solid electrical connection between
two points in a circuit. The opposite of an open circuit.

Control Plunger. In continuous systems, the control piunger
in the fuel distributor is lifted by the air-flow sensor
piate. Plunger Iift meters fuet to the injectors.

Control Pressure. Counterforce applied to top of control
plunger in K-basic and K-lambda. Changes air-fuel
ratic through the action of the Control-Pressure Reg-
ulator.

Control-Pressure Regulator. Device mounted on the engine
that controls fuel pressure acting on the top of the
control plunger. Influenced by heat. Also called the
Warm-Up Regulator.

Control Unit, A transistorized device that processes electrical
inpuis and produces output signals to control various
engine functions,

Counterforce. Fuel-pressure force applied down on the top of
the control pitnger to balance the force of air flow
acting on the air-flow sensor plate. See also Control
Pressure.

Current. Amount or intensity of flow of efectricity. Measured in
Amperes.

Density. The ratio of the mass of semething to the volume it
occupies. Air has less density when it is warm, and
less density at higher altitude.

Detonation. (See Knock)

Differential Pressure. In KE-Jetronic systems, the pressure
difference between system pressure and the lower-
chamber pressure in the fuel distributor, See also
Pressure Drop.

Differential-Pressure Regulator. {See Pressure Actuator)

Ditferential-Pressure Valves. Vaives in the fusl distributor of
continuous systems that maintain a constant pres-
sure grop at each of the contral-plunger slits, regard-
less of changes in the quantity of fuel flow.

Direct Injection. Injection of fuel directly into the combustion
chamber, in contrast to Port Injection.

Distributor pipe. (See Fuel Rail)

Downdraft, In continuous injection systerns, a configuration of
the air-flow sensor in which air fiows down past the
sensor plate. Widely used by Mercedes. See also
Updraft.

Driveability. Condition describing a car in which it starts easily
and idles, accelerates, and shifts smoothly and with
adequate power for varying temperatures.

Duty Cycle. In components which cycle on and off, measure-
ment of the amount of time a component is on. The
measurement is expressed in percent, with 100% the
maximum.

Dwell, The amount of time that primary vottage is applied to
the ignition coil to energize it. Also, a measurement of
the duration of time a component is on relative to the
time it is off, Dwell measurements are expressed in
degrees, for example the degrees of crankshaft rota-
tion, See also Duty Cycle,




ECU. (Electronic Controt Unit—See Control Unit)
EFL. (Electronic Fuel injection— See Pulsed Injection)

EGR. Exhaust Gas Recirculation. The process of feeding a
smalt amount of exhaust gas back into the intake
manifold to reduce combustion temperatures as a
method of contralling emissions.

Etectro-Hydrauiic Pressure Actuator. (See Pressure Actua-
tor)

Emissions. Unburned parts of the air-fus! mixture released in
the exhaust. Refers mostly to carbon monoxide (CO),
hydrocarbons (HC), and nitrous oxides (NO,).

Engine Management System. (See Motronic)

Engine Power. Measure of the ability of the engine to move
the car. See afso Horsepower.

Excess-Air Factor. (See Lambda)

False Air. Air that leaks into the intake system without being
measured by the fuel injection system.,

Flooding. An excess of fuel in the cylinder, from an gver-rich
mixture, that prevents combustion.

Frequency Valve. (See Lambda Control Valve)

Fuel Distributor. Component in continucus injection systems
that houses the control plunger and the differential-
pressure valves. All fuel metering takes place in the
fuet distributor.

Fuel Injection. Fuel delivery system that generally uses an
air-flow sensing device as an input signat for precise
metering of the fuel for a given air flow, injecting that
fuel into the air stream at the intake poris of the
engine. Replaces a carburetor or carburetors.

Fuel Metering. Control of the amount of fuel that is mixed with
engine intake air to form a combustible mixture.

Fuel Rail. Pipe on pulsed injection systems delivering fuel at
system pressure to the injectors. Storage volume of
the fuel rail infiuences stability of fuel pressure in the
systern.

Full-Lead. Load condition of engine when throttle is wide
open. Can occur at any engine rpm.

Full-Load Enrichment. Additional fuel injected during accel-
eration to enrich the mixture as long as the throttie is
wide open. Usually open-ioop.
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Ground. The return path for current in a circuit. Because the
negative terminal of the battery is connected to the
car chassis, the metal parts of the car usually serve as
this path.

Hertz, Measure of frequency: cycles per second. Abbreviated
as Hz.

Horsepower. The rate of doing work. A common measure of
engine output also expressed in metric kilowatts (Kw).

Hot Start. Starting the engine when it is at or near normal
operating temperature.

Hot-Wire Sensor. (See Air-Mass Sensor)
Ideal Air-Fuel Ratio. {See Stoichiometric Ratio)

ldle-Speed Stabilizer. Electronically-controlled air bypass
around the throttie. Also called the Idie Speed Actu-
ator or the Censtant Idle System.

Ignitable Mixture. An air-fuel mixture that can be ignited by a
spark. An ignitable mixture is generally one in which
the excess air factor (lambda) is in the range between
A=0.7 and A =1.2 (an air-fuel ratio between 10:1 and
17:1).

Ignition. The point at which the spark causas combustion to
begin.

Ignition Advance/Retard. Changing the moment of combus-
tion in relation to the point of piston travel. Ignition
advance begins combustion earlier; ignition retard
begins combustion later.

ldeal Air-Fuel Ratio. (See Stoichiometric Ratig)
in.Hg. {See Barometric Pressurg)
Injection Valve. {See Injector)

Injector. Opens to deliver fuet to cylinder intake port. Pulsed
injectors are opened by electric solenaid and closed
by a spring; also cailed injection vaives. Continuous
injectors are opened by fuel pressure and closed by
a spring.

Injector Fuel. Fuel fiow to the injectors, through the control-
plunger metering slits and the upper chambers of KE
differential-pressure valves.

Intermittent Fuel Injection. (See Pulsed Injection}

K-basic. Author's term for the earliest and most basic of the
Bosch continuous injection systems, K-Jetronic.

K-lambda. Author’s term for Bosch K-Jetronic with Lambda
Control. See also Lambda Control and Lambda
Sensor.
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Kilohertz (kHz). 1000 Hertz (Hz}, the unit of frequency. (See
Hertz)

Kilopascals (kPa). 1,000 pascals, a unit of pressure. 100
kPa =1 bar = Atmospheric Pressure at sea level.

Knock. Sudden increase in cylinder pressure caused by pre-
ignition of some of the air-fuel mixture as the flame
front moves from the spark-plug ignition point. Pres-
sure waves in the combustion chamber crash into the
piston or cylinder walls. This results in the sounds
known as knock or ping. Strongly influenced by fuel-
octane rating, ignition timing, and compression ratio
may be caused by hot carbon deposits on the piston
or gylinder head.

Knock Sensor. A vibration sensor attached to the cylinder
block that generates voltage when knock occurs. The
voltage signals a contro! unit that adjusts timing (and
limits boost on turbocharged cars) 1o stop the knock,

kPa. (See Kilopascals)

Lambda (7). Expresses the air-fuel ratio in terms of the stoi-
chiometric ratio compared to the oxygen content of
the exhaust. At the stoichiometric ratio, when all ofthe
fuel is burned with all of the air in the combustion
chamber, the oxygen content of the exhaust is said to
be at lambda=1. If there is excess oxygen in the
exhaust {lean mixture), then lambda is greater than 1
(A>1); if there is an excess of fuel in the exhaust {a
shortage of air—a rich mixture), then fambda is less
than 1 (A < 1),

Lambda Control. Closed-loop system that adjusts air-fuel ra-
tio to lambda=1 based on sensing the amount of
excess oxygen in the exhaust,

Lambda Control Valve. A part of K-lambda continuous injec-
tion systems that adjusts the air-fue! ratic in response
10 signals from the lambda sensor. Also known as the
Frequency Valve or Timing Valve.

Lambda One (Lambda 1:1; Lambda=1). (See Lambda)

Lambda Sensor. A small sensor mounted in the exhaust
System that reacts to changes in the oxygen content
of the exhaust gases. Voltage generated by sensor is
monitored by Jambda control. Also called the Oxygen
Sensor,

Lean Mixture. Excess air. The air quantity drawn into the
engine is greater than that required for the stoichio-
metric ratio, and there is oxygen left over after the fuel
is burned. Lambda is greater than one, and the air-
fuei ratio is greater than 14.7:1.

LED. Light Emitting Diode. A semiconductor that emits light
when current is applied to it. Often used as an indi-
cator in place of a light bulb.

Load. The amount of work the engine must do. When the car
accelerates quickly from a standstill, the engine is
under a heavy load.

Manifold Absolute Pressure. Manifold pressure measured
on the absolute pressure scale, an indication of en-
gine load. Abbreviation is MAP At sea level, with the
engine off, MAP equals 1 bar (14.5 psi). At a typical
cruising speed MAP is about 0.7 bar {10 psi),

MAP. (See Manifold Absoiute Pressure)

Map. A pictorial representation of a series of data points stored
in the control unit memory of Motronic systerns. The
cortrof unit refers to these maps to contral as many as
eight different quantities, including fuel injection and
ignition timing.

Mass. The quantity of matter contained in an object. Also a
measure of that object’s resistance to acceleration,
With normal earth gravity, it is equivalent to weight. In
fuel injection, measured air volume must be corrected
for temperature and density to determine its approx-
imate mass,

Metering Slit. In continuous injection, the narrow slits in the
control-plunger barrel of the fuel distributor. Fuel flows
through the slits, as determined by the lift of the
controf plunger and the pressure drop at the slits, to
the injectors.

Milliampere (mA). One-one-thousandth of one ampere. The
current fiow to the pressure actuator in KE systems is
measured in milliamps.

Mixture. (See Air-Fuel Mixture)

Mixture-Control Unit. in continuous injection, the combina-
tion of the fuel distributor mounted on the air-flow
sensor,

Motronic. Bosch term for an engine management system with
a single electranic control unit that controls fuel injec-
tion and ignition timing, and in some cases also idle
speed. Originally, Motronic was an extension of L-
Jetronic. Now there are Motronic versions of both
pulsed and continuous systerns.

Muiti-Port Injection. Aninjection system where fuel is injected
into the intake manifold at each manifold port near the
intake valve.

NTC. Negative Temperature Coefficient. Resistance de-
creases as temperature increases. See also Ternper-
ature Sensor.




Ohm, Unit of measure of resistance to flow of electrical current.
The more ohms of resistance the less current flow.

Open-Loop Control. Control of an engine system based on
fixed, pre-set values.

Oxygen Sensor. {See Lambda Sensor)
Part-Load. Throttle opening between idle and fully-open.

Part-l.oad Enrichment. Additional fuel injected during throttle
opening to enrich mixture during transition. Usually
closed-loop.

Pintle. The tip of the injector that opens to deliver fuel. Shape
of the pintle determines the spray patiem of the at-
omized fuel,

Plunger. (See Control Plunger)

Port Injection. A fuel-injection system where the fuel is in-
jected into the intake manifold by individual injectors
at each cylinder intake port, upstream of the intake
valve.

Post-Start. Bosch term that refers to the period of time be-
tween engine start-up and the beginning of Warm-Up.
Bosch systems provide post-start enrichment based
on engine temperature and the time since engine
start.

Potentiometer. Variable resistance element, usually a rotary
unit. In KE systems, rotation of an arm increases
resistance to signal sensor-plate movemnent.

Power. (See Engine Power)

Pressure Actuator. in KE systems, a hydraulic valve con-
trolled electronically to continuously adjust fuel pres-
sure in the lower-chambers of the fuel distributor,
Controls all agjustments to basic fuel metering and
air-fuet ratio to compensate for changing operating
conditions. Also known as Differential-Pressure Reg-
ulator, and the Electro-Hydrautic Pressure Actuator.

Pressure Drop.” The difference in pressure where metering
occurs. In continuous systems this is the difference
between system pressure in the control-plunger slits,
and upper-chamber-pressure outside the slits. in
pulsed systems, this is the difference between fuel-
system pressure and intake manifold pressure.

Pressure Regulator. A spring-foaded relief valve that returns
excess fuel to the fuel tank to maintain system pres-
sure.
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PSL Abbreviation for Pounds-per-Square-inch, PSI can be a
measure of air or fluid pressure. 14.7 psi = approx-
imately 1 bar = Atmospheric Pressure at sea leveal.

Pulsed Injection. A system that defivers fuel in intermittent
pulses by the opening and closing of solenoid-
controlled injectors. Also called EFI.

Pulsed Injection Systems. (D-Jetronic,

Jetronic, Motronic, LH-Motronic.)

L-Jetronic, LH-

Pulse Period. The available time, dependent on the speed of
crankshaft rotation, for opening of pulsed solenoid
injectcrs.

Pulse Time. The amount of time that solenoid injectors are
open to inject fuel. Also known as Pulse Width, espe-
cially when displayed on an oscilloscope as a voltage
pattern.

Pulse Width. (See Pulse Time}

Relative Pressure. In pulsed injection, the difference in pres-
sure between fuel pressure in the injector, and pres-
sure in the intake manifold.

Residual Pressure. Fuel pressure in the fuel lines and fuel-
injection system after the fuel pump shuts of.

Retard. (See ignition Advance/Retard)

Rich Mixture. A lack of air. Less air is drawn into the engine
than is required for the stoichiometric ratio. There is
still fuel left after all of the oxygen has burned.
Lambda is less than one, and the air-fuel mixture is
less than 14.7:1.

RPM. Revolutions-Per-Minute. The speed of crankshaft rota-
tion.

Sensor Plate. In continuous injection systems, & circular plate
suspended in the intake air stream to sense the
incoming air flow.

Slit. (See Metering Slit)

Solenocid. An electromagnet that moves a plunger or metal
strip when current is applied.

Stoichiometric Ratio. An air-fuel ratio of 14.7:1. All of the air
and all of the fuel is burned in the cylinder. The
stoichiometric ratic is the best compromise between
a rich air-fuel ratio for best power, and a lean air-fuel
ratio for best economy. Also called the Ideal Air-Fuel
Ratic. See also Lambda.

System Pressure. Fuel pressure in the fuel lines and at the
pressure regulator, created by the fuel pump.
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TBI. Throttle-Body Injection

TDC. Top Dead Center. The point where the piston is at the top
of its stroke in the cylinder.

Temperature Sensor. A solid-state resistor, called a ther-
mistor. Used to sense coolant (engine} temperature
and, in some systerns, air temperature. Sometimes
referred to as an NTC sensor for its Negative Temper-
ature Coefficient.

Throttie Valve. The movable plate in the intake tract controlied
by the accelerator pedal. it controls the amount of air
drawn into the engine.

Timing. The relation of an engine function—such as valve
opening, spark-plug firing—to the position of the
crankshaft and the pistons.

Timing Valve. (See Lambda Control Valve)

Torque. Twisting force that causes a shaft to turn,

Updratt. In"continuous injection, a configuration of the airflow
sensor in which air flows up past the sensor plate.
See also Downdraft.

Vacuum. Anything less than atmospheric pressure.

Vapor Lock. A situation where fuel in the fuel system becomes
$0 hot that it vaporizes, slowing or stopping fuel flow.

Volt. Unit of measure of electrical force. Voltage causes current
(electrons) to flow in a circuit,

Warm-Up. The period of time between the end of Post-Start
Enrichment and when the engine reaches operating
temperature.

Warm-Up Regulator. (See Control-Pressure Regutator)
WOT. Wide-Open Throttle

Zero Absoiute Pressure, A total vacuum. Zero on the abso-
lute pressure scale.
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KE-Motronic 1:9
tH-Motronic 1:9
Monotronic 1:9
Motronic 1:9
Engine shut-off 2:14
Engine temperatire sensor
pulsed injection 4:15
resistance checks 4:15
Excess air factor —lambda
controf of {lambda sensor) 2:18
definition 2:5
exhaust ernissions
effect on 2:6, 16, 18
fuel consumption
effect on 2:5
power, effect on 2:5
Exhaust emissicns
federal standards (US) 2:16
Exhaust gas aftertreatment 2:17
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Exhaust gas recirculation
{EGR) 2:17

F
False air checks, troubleshooting
cortinuous injection 6:4
puised injection 4:7
Fault codes, continuous injection
codes 5:35, 6:30
“E systems 6:29
.est set-up 6:29
Ferrari cars with Bosch fuet
injection 1:13
Fiat cars with Bosch fuel
injection 1:13
Formula cars, tuning for
performance and economy 7:20
Fuef accumulator 5:11
Fuel condition, ¢hecking
continuous injection 6:4
Fuel cut-off
KE systems 5:33
Fuel delivery
carburetors 1:4
fuet injection 1:4
L-Jetronic 3:9
Fuel delivery, checking
continuous injection 6:11
pulsed injection 4:11
Fuei distributor 5:12
testing 6:6
Fuel economy
"AFE standards 2:6
«ptimum air-fuel ratio 2:5
Fuel fiiter
L-Jetronic 3:8
Fuel injection
real-time digital 7:22
system basics 7:8
user-programmable 7:22
Fuel injection systems
with fambda sensors 7:9
Fuel injection types 1:4
mlti-point (port injection) 1:5
Fuel injection wiring harness
terminal identification 3:15
Fuel injectors 5:14
continucus, testing 6:13
pulsed
causes of clogging 4:13
¢logging 4:13
solving the clogging problem 4:14
testing 4:12
Fuei metering
continuous injection
basic fuel metering 5:15

Fuel metering {cont'd)
pressure drop and 5:16
summary of basic fuel
metering 5:17

puised injection 3;10

Fuei pressure

comparison of carburetors and
fuel-injection systems 2:7
Fuel pressure, relieving
continuous injection 6:3
pulsed injection 4:9
Fuel pressure gauge, installing
K-Basic, K-Lambda 6:18
KE systems 6:24
puised injection 4:¢
Fuel pressure regulator, checking
pulsed injection 4:10
K-Basic, K-Lambda 6:18
KE systems 6:24
Fuel pressure tests
K-Basic, K-Lambda 6:15
KE systemns 6:23
puised injection 4:10
Fuel pressure throughflow
K-Basic, K-Lambda 6;12
Fuel pump
L-Jetronic 3:7
Fuel pump
continuous injection
delivery 6:11
operating for tests 6:3
test 6:11
test set-up 6:11
pulsed injection
checking 4:11
operating for tests 4:9
Fuet pump check valve testing
continuous injection 6:26
puised injection 4:11
Fuel-pump safety circuit
t-Jetronic 3:15
Fuei rait
L-Jetronic 3:8
Fuel supply, checking
continucus injection 6:11
pulsed injection 4:8
Fuel system
eompensating for engine
improvements 7;6
continucus injection 5:11
L-Jetronic 3:7
Motronic 3:31
Full-load acceleration
continuous injection §:32
t-Jetronic 3;19
Matronic systems 3:37

Fuil-ivad acceleration, checking
KE systems 6:27
Funnef angles 5:7

G

Gauge pressure
definition 2:8
GT prototypes and Formula 1
tuning for performance
and econemy 7:20

HC (hydrocarbons)
formation of 2:15
High performance basics 7:6
Hot start
air-fuel requirements 2:11
Hot-start pulse relay §:3t
Hydrocarbons (HC)
formation of 2:15

!

Idle
cold 2:12
warm 2;13
warm-up 2:12

ldle and drive-off
L-Jetronic 3:20

Idie mixture (CQ), adjusting

continuous injection 6:31
pulsed injection 4:20

Idle rpm, adjusting
K-Basic 6:31 o
K-Lambda 6:32 4
KE systems 6:22
puised injection 4:20

idle speed
continucus injection 5:11
LH-Jetronic 3:27

Idle speed control
Motronic systems 3:34

idie speed stabilization 2:13

Idle-speed stabilizer
LH-Jetronic 3:25

Idle speed siabilizer tests
continuous injection 6:33
pulsed injection 4:19

Ignition timing 2:14
acceleration 2:13
deceleration and coasting 2:14
Motroni¢ systems 3:34
post-start and warm-up 2:12
starting 2:11

Ignition timing control
Motronic systems 3:29
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In.Hg (inches of mercury)
conversion table 2:8
definition 2:8

Inches of mercury (in.Hg)
conversion table 2:8
definition 2:8

Injection leak tests
continuous Injection 6:14
pulsed injection 4:13

tnjector pulse pattems
Motronic systerns 3:33

Intake air leakage
troublesheoting 4:7

intake manifold pressure 2:6

J

Jaguar cars with Bosch fuel
injection 1:13

Jetronic family tree 1:8
D-Jetronic 1:8
L-Jetronig 1:8
LH-Jetronic 1:8
K-Jetronic 1:8
KE-Jetronic 1:8 = - 43
KE-Moctronic 1:8
LH-Motronic 1:8
Motronic 1:8

K
K-Jetronic, dual 7:22
K-Jetronic and K-Jetronic
with lambda control (K-Basic
and K-Lambda) 5:5
KE-Jjetronic, KE3-Jetronic,
and KE-Motronic (KE
systems) 5:6
KE Motronic §:33
KE-Motronic
adaptive control 5:35
KE sensor-plate positions 5:9
KE3-Jetronic 5:33
KiloPascal (kPa)
conversion table 2:8
definition 2:8
Knock control
Motronic systems 3:38
Knock sensor 7:17
Knock sensor control, checking
KE3-Jetronic and KE-Motronic 6:29
Motronic 4:24
kPa (kiloPascal)
conversion table 2:8
definition 2:8
L

L-Jetronic
identifying features 3:4
theory of operation 3:4

tambda closed-loop control
continuous injection 5:23, 33
pulsed injection 3:22
Lambxda control and changing
pressure drop 5:23
Lambda contral, checking
continuous injection 6:21
K-Lambda only 6:21
KE systems 6:28
pulsed injection
lean stop test 4:23
rich stop test 4:22
testing 4:20
Lambxda control system 5:22
Lambda sensor
design and operation 3:21
Lambda sensor, checking
KE systems 6:28
Lambda thermoswitch §:23
Lancia cars with Bosch fuel
injection 1:13
Leakage test
continuous injection 6:14
tean {airfuel) mixture
definition 2:4
Lean stop test
puised injection 4:23
LH-Jetronic
theory of operation 3:23
LH 1 Jetronic
identification 3:23
LH 2 Jetronic
identification 3:23
Limp-home mode 5:29
Load, engine 2:6
Logic circuits 5:29
Lotus cars with Bosch fuel
injection 1:13
Lower-chamber (differential)
pressure, checking
KE systerns 6:24
LU-Jetronic
theory of operation 3:23
Lucas fuel injection
an overview 1:9

M

Manifoid pressure (intake) 2:6
measurement 2:7

Manifold pressure sensing
D-Jetronic 3:40

MAP (manifold absolute pressure)
definition 2:8

Maserati cars with Bosch fuel
injection 1:13

Mercedes-Benz cars with Bosch
fuel injection 1:11, 13
Mixture {CO)
continuous injection 5:10
L-Jetronic 3:6
LH-Jetronic 3:25
Midure (CO} adjustment
K-Basic 6:31
K-Lambda 6:32
KE systems 6:32
pulsed injection 4:20
Mixture-controt unit 5:3
Motronic systems 3:27
applications, identifying
features 3:4, 28
Matronic timing and cwell 4:23
Muiti-point (port injection)
advantages of 1:5

N

Nitrogen oxides (NO,)
formation of 2:15

Normal (warm) cruise
air-fue! requirements 2:10

NOy (oxides of nitrogen)
formation of 2:15

0

Opel cars with Bosch fuel
injection 1:14
Opening pressure test
continuous injection 6:14
Operating conditions, general
acceleration 2:13
altitude 2:14
cold start 2:10
deceleration and coasting 2:13
driveability
hot start 2:11
norrmal (warm} cruise 2:10
post-start and warm-up 2:12
starting 2:10
warm start 2:11
Operating conditions, KE systems
coasting cut-off 6:28
cold acceleration 6:27
full-load 6:27
lambda control, checking 6:28
lambda sensor, checking 6:28
post-start, warm-up 6:26
mm limitation 6:27
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Operating conditions, L~Jetronic Pressure, units of Puised fuel-injection systerns
acceleration 3:19 conversion table 2:8 tuning for performance
anti-search circuitry 3:21 definitions 2:8 and economy 7:12
basic {low rate and 3:15 Pressure actuator 5:25 D-Jetronic 7:12
coasting cut-off 3:21 and mixture adjustment 5:26 increasing fuel delivery 7:13
idie and drive-off 3:20 L-Jetronic 7:12
lambda contro! 3:21 Pressure actuator control current, tH-Jetronic 7:15
post-start and warm-up 3:19 measuring KE systems 6:23 load-sensitive enrichrnent 7:14
pulse-period limitation 3:21 Pressure drop, changing 5:18 Motronic 7:15
ypm limitation 3:21 K-Lambda 5:22 recalibrating air-flow sensor 7:13
starting 3:16 KE systems 5:24 reprogramming the electronics
Operating conditions, Motronic Pressure gauge, installing 7:14
closed-loop operation 3:36 K-Basic, K-Lambda 6:17
coasting cut-off 3:38 KE systems 6:23 R
diagnostics 3:39 pulsed injection 4:9
glectronic throtile ~ Pressure measurement 2;7 Racing applications 7:5
drive-by-wire 3:39 gauge pressure vs, absolute Radical injection systems
fultdoad acceleration 3:37 pressure vs. vacuum 2:8 tuning for performance and
knock control 3:38 Pressure reguiator economy 7:22
Motronic systems 3:35 D-Jetronic 3:41 Real-time digital fuel
part-throttle acceleration 3:36 K-Basic, K-Lambda 5:13 injection 7:22 e °
post-start 3:35 KE systems 5:14 Relative fuel pressure and -
rpm limitation 3:38 L-Jetronic 3:9 fuel defivery i “
starting 3:35 Pressure tests L-Jetronic 3:9 W "f.:_;
warm-up 3:35 continuous injection Relay set and system power #
Overview of Bosch fuel K-Basic and K-Lambda 6:15 troubleshocting
injection 1:3 KE systems 6:23 pulsed injection 4:6
Oxides of nitrogen (NO) pulsed injection 4:10 Renault cars with Bosch fuel
formation of 2:15 PSI (pounds-per-square inch) injection 1:12, 13
Oxygen sensor conversion table 2:8 Residual pressure test
(see Lambda sensor) definition 2:8 K-Basic, K-Lambda 6:20
Pulsation damper KE systems 6:25
" Motronic systems 3:31 puised injection 4:11
Puise-period limitation Rich (air-fuef} mixture
Part-throttle acceleration L-Jetronic 3:21 definition 2:4 ‘ .
continuous injection 5:32 Pulsed fuet injection Rich stop test e
Motronic systems 3:36 general K-Lambda 6:22
puised injection 3:19 an overview 1:6 KE systems 6:28
Peugeot cars with Bosch fuel D-Jetronic 1:8 pulsed injection 4:22
injection 1:12, 13 t-Jetronic 1:8 Rolls-Royce cars with Bosch
Pollttants LH-Jetronic 1:8 fuel injection 1:14
definitions 2:15 theory RPM drop test
effects of air-fuel ) applications 3:4 puised injection 4:12
ratios on 2:16 basic flow rate 3:6 APM limitation 2:14
Porsche cars with Bosch fuel fuel metering 3:10 KE systemns 6:27
injection 1:10, 13 general description 3:3 L-Jetronic 3:21
Post-start/warm-up RPM signal and injection Motronic systerns 3:38
air-fuel requirements 2:12 synchronization 3:13 RPM stabilization
continuous injection 5:31 theory of operation 3:3 LH-Jetronic 3:26
effects of ignition troubleshooting and service 4:3, 5
timing on 2:12 Pulsed fuel-injection systems g
KE systems 6:26 D-Jetronic 3:39
L-Jetronic 3:19 Digifant Il 3:41
Motronic systems 3:35 L-Jetronic 3:4 Saab cars with Bosch fuel
Pounds-per-square inch (psi) LH-Jetronic 3:23 injection 1:10, 13
conversion table 2:8 Motronic 3:27 Sensor plate and
definition 2:8 table of 3:4 control piunger 5:7
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Sensor plate
tfroubleshooting and service
basic position, KE systems 6:9
centering 6:7
maovement, checking 6:7
zero (rest) position
K-Basic and K-Lambda 6:8
KE systems 6:9
Sensor plate iever
centering 6:7
Sensor-pate positions
{KE) 5:9
Sequential injection
Motronic systems 3:34
Slit size and control
plunger movement 5:15
Siit size, changing 5:18
K-Basic 5:18
K-Lambda 5:22
Spray pattern test
continuous injection 6:14
Start and warm-up testing
KE systermns 6:26
pulsed injection 4:15
Start auxiliaries
continuous injection 6:34
Start-control system testing 4:16
theory of operation 3:18
Starting 2:10, 5:31
cold start 2:10
eftects of ignition
timing on 2;11
hot start 2:11
L-Jetronic 3:16
Motronic 3:35
warm start 2:11
Sterling cars with Bosch fuel
tnjection 1:14
Stoichiometric ratio
cataiytic converter
performance 2:18
comparison to excess air factor
{ambda) 2:5
detinition 2:4
exhaust emissions
effect on 2:6
fuet economy
effect on 2:5
powaer, effect on 2:5
Street cars and emissions 7:4
System pressure, testing
continuous injection
K-Basic, K-Lambda 6:18
KE systems 6:24
putsed injection 4:10

System-pressure regulator
K-Basic, K-Lambda 5:13
KE systems 5:14
puised injection 3:9

T

Tables
continuous injection
fault codes 6:30
troubleshooting 6:5
pulsed injection
engine temperature sensor
resistance checks 4:5
fue! injection wiring hamess
pulsed fuelinjection systems 3:4
terminai identification 3:15
troubleshooting 4:5
Temperature sensor
air 3:16
engine 3:16
Tests of continuous injection systermn
air-flow sensor 6:6
CO tests 6:31
cortamination test 6:13
cont:ol pressure throughtlow
K-Basic, K-Lembda 6:12
differential pressure
KE systems 6:24
fault codes
KE systems 6:29
fuel delivery 6:12
test set up 6:11
fuel distributor 6:6
fuel injectors 6:13
fuel pressure tests
K-Basic, K-Lambda 6:15
KE systems 6:23
injector leakage 6:14
injector opening pressure 6:14
infector spray pattern 6:14
lambda control
K-Basic, K-Lambda 6:21
KE systems 6:28
lean stop test
K-Basic, K-Lambda 6:22
oper+-loop to closed-loop
changeover 6:22
operating fuel pump
for tasts 6:3
residual pressure
K-Basic, K-L.ambda 6:20
KE systems 6:25

., pm limitation

KE systems 6:27

Tests of pulsed fuel
injection system
air-flow sensor 4;16
air-mass sensor 4:17
auxiliary air valve 4;19
cold-start injector 4:15
electrical 4:13
fuel delivery 4:11
fuel injectors 4:12, 13
fuel pressure regulator 4:10
fuel pump 4:11
idle rpm 4:20
idle speed stabilizer 4:19
injector leaks 4:13
fean stop test 4:23
residual pressure 4:11
rich stop test 4:22
RPM drop 4:12
start and warm-up 4:15
start control system 4:16
system pressure 4:1G
thermo-time switch 4:15
throttle switches 4:18
vibration 4:12
Theory of operation
continuous injection 5:3
pulsed injection 3:3
Thermoswitch
continuous injection 6:21
Thermo-time switch
theory of operation 3:18
Thermo-time switch test
continuous injection 6:34
pulsed injection 4:15
Three-way catalytic converters 2:17
Throttle opening
effect on manifold pressure 2:6
Throtile switches
checking and adjusting
continuous injection 6:27
puised injection 4:18
Throttle vaive
continuous injection 5:11
performance improvements and 7:6, 16
pulsed injection 3:6
Throttle valve, basic adjustment
continuous injection 6:6
pulsed injection 4:18
Timing
Motronic 4:23
Timing data "maps"
Motronic systems 3:29
Timing signals RPM, TOC
Motronic systems 3:32
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continuous systems 6:3
pulsed systems 4:3
Trigger contacts
D-Jetronic 3:40
Triurnph cars with Bosch fuel
injection 1:14
Troubleshooting and service
‘ontinuous injection
fuel condition 6:4
general procedures and precautio
6:3
tocis 6:3
troubieshooting basics 6:4
pulsed injection
cleanfiness 4:4
electrical system 4:6
engine condition 4:6
false air checks 4:7
general precautions 4:4
intake air leakage 4:7
introduction 4:3
relay set and system power 4:6
safety 4:3
table 4:5
tools 4:3
troubleshooting basics 4:5
wiring hamess, connections
and grounds 4:7
working practices 4:4
air fiow and volumetric
% efficiency 7.6
“air-flow improvements 7:16
air-flow sepsor
recalibrating 7:13
air-fuel ratio and performance 7:7
air-fuel ratios, altering 7:4
cold-start valve 7:18
continuous injection systems 7:10
coolant temperature sensor 7:18
D-Jetronic 7:12
driveabitity 7:5
dual K-getronic 7:22
electronics,
reprogramming 7:14
fooling the computer 7:5, 18
formuta cars 7:18
fuel systern compensation 7:6
GT prototypes and Formula 1 7:20
high performance basics 7:6
ignition timing 7.8
increasing fuel delivery 7:13
introduction 7:3
knock sensor 7:17
{ Jetronic 7:12, 17
fegal issues 7:3
LH-Jetronic 7:15
fimitations 7:10
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Tuning for performance and
economy (cont.)
load-sensitive enrichment 7;11, 14
mixiure adjustments 7:10
mixture enrichmert 7:11
Motronic 7:15
pulsed injection systems 7:12

Tuning for performance and
economy ({cont'd)
racing appiications 7:5
radical injection systems 7:22
real-time digital fuei
injection 7:22
street cars and emissichs 7:4
throttle valves 7:16
tricks 7:18
user-programmable fuet
injection 7:22

U

User-programmable fuel injection 7:22

v

Vacuum, defined as manifold
pressure 2:8
Vane movement, checking
pulsed injection 4:16
Vibration test
pulsed injection 4:12
Volkswagen, Audi cars with
Bosch fuel injection 1:10, 13
Volurmetric efficiency 7:6
Volvo cars with Bosch fuel
injection 1:10, 13

w

Warm idle
air-fuel requirements 2:13
iclie speed stabilization 2:13
Warm stant
air-fuel requirernents 2:11
Warm-up idle
air-fuel requirements 2:12
Warmm-up and post-start
continuous injection 5:31
L-Jetronic 3:19
Motronic systerns 3:35
Wiring harness, connection
and grounds, froubleshooting
pulsed injection 4:7
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